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PREFACE 

This report was initiated to Investigate the environmental effects of the 
Space and Missile Systems Organ i2atior./Air Force Weapons laboratory (SAMSO/AFWL) 
Structure-Medium Interaction Field Test Program. The DASIAC Group, GE-TEMPO, 
under a Defense Nuclear Agency contract, performed the general environmental 
study. The A1r Force Weapons Laboratory Environics Branch contributed in-depth 
information on tne ecology of the Linn County, Kansas, area. The AFWL effort 
is included as an appendix to the DASIAC work. 

The following individuals prepared the general study by DASIAC: Richard 
Rowland, James Doran, Kenneth Gould, Evelyn Harner, and Howard Hawthorne. The 
AFWL ecological reconnaissance was performed ,by Captain Rutherford Wooten* 
Lt John Sigler, and Sgt Dennis Compton. 
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SECTION 1 

PROJECT DESCRIPTION 

INTRODUCTION 

The proposed program, HARD PAN I,  is planned as a series of 
three high-explosive field tests (events) to evaluate the response of 
one-quarter and one-half scale Minuteman launch facilities subjected 
to the simulated nuclear weapon effects of airblast and ground shock 
induced by a traveling airblast wave.    The ground shock in rock prop- 
agates faster than ("outruns") the airblast wave.    The geology/structure 
relationship is representative of the majority of the Minuteman launch 
facilities near Whiteman Air Force Base (AFB),   i.e.,   clay over hard 
interbedded shale and limestone. 

HARD PAN I will be conducted by the Air Force Weapons Labora- 
tory (AFWL) as part of the Structure-Media Interaction (SMI) program, 
supported by the Space and Missile Systems Organization (SAMSO). 

The proposed simulation techniques are known as HEST (airblast 
simulation) and BLEST (ground shock simulation).    The proposed test 
site is on private property in a rural area of east-central Kansas,  in 
the vicinity of Whiteman AFB. 

Construction is planned to begin in July 1974.    The first event is 
scheduled for September 1974, and will be a HEST test on a quarter- 
scale launch facility.    The second event is an environment demonstra- 
tion test scheduled for November 1974, and will be a combined HEST/ 
BLEST test on a quarter-scale launch facility.    The third event is 
scheduled for July 1975,  and will be a combined HEST /BLEST test 
on a half-scale launch facility.    The first two events are in support 
of the larger third event which will consist of 11.45 tons of p_enta- 
erythryte tetranitrate (PETN) explosive in detonating cord for the 
HEST portion,  and 250 tons of ammonium nit rate/fuel oil (AN/FO) or 
ammonium nitrate gel (AN Gel) explosive for the BLEST portion. 
The total test bed area for this third event is a 600-foot by 800-foot 
ellipse. 



The project will be described to the public through news releases, 
public briefings at local and higher levels, and by direct contacts with 
nearby residents.    The public will be invited to view the test events 
from a safe distance. 

BACKGROUND AND NEED FOR 
THE PROGRAM 

SAMSO/Minuteman has the obligation,  responsibility, and authority 
to ensure that it maintains its leadership in nuclear weapon effects 
technology and that the weapon system maintains its capability as a 
valid deterrent in the face of any possible future threat.    The tech- 
nology base for weapon system refinement and development is ex- 
tremely dynamic and occurs at ever increasing levels of sophistica- 
tion.    The purpose of the Structure-Media Interaction (SMI) Program 
13 to determine phenomenology to levels of detail and accuracy not 
before attainable.    To optimally respond to changes in future threats, 
it is necessary to possess the highest capability and expertise pos- 
sible in order to provide accurate definitions of Minuteman hardness, 
when required.    Such definitions may ultimately be used in cost- 
effectiveness studies, modernization designs, or hardness assess- 
ments, as directed. 

The HARD PAN program is a proposed series of high-explosive 
field tests on scaled Minuteman launch facilities in soil over rock 
geologies, designed to evaluate airblast and ground shock induced 
by the traveling airblast wave with emphasis on the "outrunning" 
ground shock effects of a simulated close-in nucuar explosion. 
Most of Minuteman launch and launch-control facilities near 
Whiteman AFB are constructed in a geology consisting of a 
relatively thin layer of clay over hard interbedded layers of shale 
and limestone.    HARD PAN I will evaluate the phenomenolog'cal 
effects of nuclear-burst-generated airblast and ground  shock on 
facilities in this type of geology.    HARD PAN II is a conceptual 
future action to evaluate facilities in a different geology which is 
typical of other Minuteman Wings. 

In the HARD PAN I geology,  a close-in nuclear explosion would 
induce a ground shock into the rock strata which would propagate 
faster than ("outrun") the traveling airblast wave.    A Minuteman 
launch facility in such a geology would be subjected to this "outrunning" 
ground shock in the  lower portion of the lai'nch facility coupled 
with the airblast wave passing over ehe ground surface. 

MM 



Estimating survivability of a launch facility in such a geological and 
nuclear environment requires extensive theoretical and experimental 
programs directed toward expanding the level of knowledge in the 
main areas of uncertainty. 

In addition to the system technical objectives of the program, the 
possibility exists to provide unique infcrmation for the Minuteman 
Wing near Whiteman AFB which may impact the extent to which design 
modifications are required in that wing in the near future.    The pos- 
sible resulting changes to design modifications may ptovide cost 
savings of millions of dollars. 

CONSTRUCTION AND OPERATIONS 

This subsection describes the construction and operations to pre- 
pare the test beds, conduct the tests, and restore the test area. 
Descriptions of the proposed test site and the surrounding area and 
the predicted phenomena resulting from the actual explosions are 
contained in subsequent subsections. 

Portions of the HARD PAN I test series are still in the planning 
stage and some of the details of Event  3   depend upon the results 
obtained in Events 1 and 2,  so complete details are not available and 
some of the decisions made by the project planners may be subject 
to change.    These potential changes are not believed to represent a 
major change from the test details described here, however, nor 
would they represent a departure from the phenomena expected or 
the conclusions reached.    Figure 1 shows a plan view of the test site 
and proposed configuration. 

Schedules and Manpower 

Preparation of the test site is scheduled to begin on 1 July 1974. 
(Preliminary geologic studies which are pertinent to site selection 
and definition,   such as test borings and seismic surveys,  have been 
completed or are in progress. )   Preparation of the test bed for the 
firsL event,  a HEST test,  is estimated to require 3 to 4 months,  and 
the event is scheduled for September 1974.    Preparation of the test 
bed for the second event,  a HEST/BLEST test,  is estimated to re- 
quire 4 to 5 months and the test bed can be constructed concurrently 
with the test bed for the first event.    The second event is scheduled 
for November 1974.    Preparation of the test bed for the third event, 
a HEST/BLEST test,   is estimated to require 5 to 6 months,  and some 
construction details may depend on the results from the first two 
events.    This third event is scheduled for execution by July 1975,   so 

• v — 
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Figure 1.   Plon view cf test site and proposed construction. 
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construction must begin about September 1974 to allow for a possible 
work exclusion period from late November to early April,  due to 
severe weather conditions.    These approximate schedules are shown 
in Figure 2. 

Support operations such as providing site access,  setting up instru- 
mentation vans and support vans, preparing the explosives,  installing 
instrumentation cables and sensors, and protecting these facilities 
from the explosions will have to be largely completed in time for the 
first event. 

Manpower schedules are not yet available but, based on previous 
field test experience, approximately twenty-five construction work- 
ers furnished by a local contractor and perhaps fifteen AFWL per- 
sonnel will be required (on the average) throughout the project. 

Test Bed Construction 

The test bed for Fvent 1 will be a 100-foot diameter circle (hence 
its name DISC HEST,.    The test beds for Events 2 and  3  will be 
rectangular HEST beds surroundad by elliptical BLEST beds.    The 
floor of all the HEST beds may be up to 3 fecit below existing ground 
level.    All three HEST cavitir c will be 3 feet high and will be covered 
with 4 feet of earth (surcharge).    An eartuen berra will surround the 
surcharge,  sloping from the top of the surcharge to the natural grade 
at a 1:2 slope.    Plan and section views of the test beds are shown in 
Figures 3, 4, and 5. 

Construction of each test bed will entail the following operation? 
(the magnitude of the construction is indicated in Table 1): 

1 . Remove the top ten inches (average) of topsoil from the HEST 
areas and stockpile for restoration of the arei Tallowing exe- 
cution of the events. 

2. Level each HEST bed by excavating to three feet (or less) be- 
low original ground level,  and stockpile this soil for use as 
surcharge. 

3. Excavate in the bottom of the HEST beds and construct the 
scaled Minuteman launch facility. 

4. Dig trenches in the floor of the HEST bed, and install and 
cover instrumentation and cables. 

5. Level and compact the floor of the HEST cavity. 

11 
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One-Fourth Scale 
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Figure 3.    Plan and section view of Event 1  (DISC HEST) 
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Figure 4.    Plan and se-tion view of Event   2  (HEST/BLEST) 
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Figure 5.    Plan and section view of Event   3     (HEST/BLEST) 
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Table 1.    Magnitude of construction tasks to prepare test beds. 

! EVENT 1 EVENT 2 EVENT 3 
! 
1 

HEST TEST BED 

Dimensions (ft) 100 dia 64 x 96 120 x 200 
circle rectangle rectangle 

Area (ft2) 7,854 6, 144 24,000                  ! 

Topsoil removed (yd  ) 242 189 
752 

3 
Cavity excavation (yd  ) 
(including topsoil) 

<   873 <   675 <    2,667 

Size of scaled Minute- 
man launch facility (ft) 

i 
i 

1 

10 (dia 
4 (dia.) 

) x 6 cylinder atop 
x 14 cylinder 

20(dia. ) x 12 
cylinder atop 
8 (dia.) x 28 
cylinder 

Amount of detonating 
cord (ft) 

131,200 102,000 400,000 

Amount of PETN explosive 
(tons at  0. 318 lb/ft3) 

3.75 2.93 11.45 

Depth of surcharge (ft) 4 4 4 

Amount of surcharge (yd ) 1, 163 890 3,555 

Amount of berm  (yd^) ~   570 ~    590 ~   1,161 

BLEST TEST BED 

Dimensions (ft) iOO x 400 ellipse 600 x 800 ellipse 

Area (ft  ) 94,000 377,000                  | 
3 

Topsoil. removed (yd  ) 2,900 11,600                  j 

Number of explosive drill 
holes 

25S to 940 942 to 3,770 

Depth of earth over- 
burden above explosives (ft) 

18 1 
j 

Total amount of AN type 
explosive (tons) 

62. 5 
i 

2M) 
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6. Install wood footings for HEST cavity ceiling supports. 

7. Install wooden columns for ceiling supports. 

8. Install racks of detonating cord in the 2-foot high HEST cavity. 

9. Install wooden roof beams and ceiling for HEST cavity. 

10.    Using soil excavated from HEST cavity, cover the HEST cav- 
ity with four feet of compacted earth (surcharge) surrounded 
by an earthen berm.    "Borrow" soil from other test beds and 
other areas as needed. 

Tasks to prepare the BLEST portions of the tests are: 

1. Remove the upper ten inches (average) of topsoil from the 
BLEST and nearby surrounding areas and stockpile for restor- 
ation of the area following execution of the events. 

2. Drill required number of holes for placement of BLEST explo- 
sive charges.* 

3. Install explosive charge in each drill hole approximately 18 
feet below ground level. * 

4. Install detonators and cables. 

5. Backfill and tamp all drill holes. 

Instrumentation cables to the instrumentation vans will be installed 
in protective trenches and detonating wires will be connected to the 
explosive array to complete the operation. 

Construction of Support Facilities 

A number oi other facilities in addition to the test beds will be 
required to support the entire operation. 

*Thö exact number,  spacing,  size,   and explosive content of the drill 
holes for the BLEST array are not yet specified.     A total 
of   500 to 1000  holes with less than one ton of explosive in any one 
hole will be specified. 

17 
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It is planned to construct about 2400 feet of 15-foot-wide gravel 
road to provide access to the test beds from the existing gravel road 
north of the test site.    A graveled parking area will alsc be constructed 
near the support area with direct access to the road.    These features 
are shown in Figure 1. 

Approximately 2000 feet of electric power lines will be brcught 
into the support and test bed areas from the existing lines on the 
north boundary of the test area.    Some utility poles will have to be 
installed.    Tree trimming will not be required. 

Pipes,  to bring water for construction, will be laid from the river 
south of the test beds.    Existing wells will be used for drinking water. 
Numerous holes will be drilled for geological purposes. 

Six instrumented vans will be brought in to record the results of 
the test.    A roofed shelter with earthen berm will be constructed to 
protect these vans from possible debris from the explosions.    Four 
support vans will also be brought into the area; these will not require 
shelter. 

Trenches will be excavated for instrumentation and other cables. 
Approximately 1000 to 2000 feet of 2-foot-wide by 1-foot-deep, and 
3000 to 4000 feet of 1-foot-wide by 2- to 8-foot-deep cable trenches 
will be required.    After installation of cables the trenches will be 
backfilled. 

Portable sheds for explosives will be provided on-site.    A work 
area for preparing the HEST explosive will be required.    Explosives 
safety regulations will be followed. 

Other miscellaneous features to be constructed include camera 
towers, barbed-wire fencing and gates, chemical toilets,  materials 
anr> equipment storage areas,  lightning protection systems,  fi"»od- 
lights,  and loudspeakers in the public viewing area. 

About ten inches of tcpsoil will be stockpiled from digging and 
earth moving operations to be used to restore the area at completion 
of the tests. 

Explosives 

Approximately 633,200 feet of detonating cord filled with 400 
grains of PETN explosive per foot (18. 13 tons total) will be used in 

18 
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the HEST portions of the test.    Thia detonating cord will be wound 
on wooden racks at the test site and the completed racks will fill the 
3-foot-high HEST cavity. 

The angle at which the detonating cord is wound determines the 
velocity of the airblast wave and the "density" of the explosive (lb/ft 
of HEST cavity) and the amount and characteristics of the surcharge 
determines the magnitude and shape of the airblast pulse, as illus- 
trated in Figure 6. 

The explosive used for the BLEST portions of the events will 
either be ammonium nitrate and fuel oil (AN/FO) or an ammonium 
nitrate gel (AN Gel),  i.e.,  IREGEL 616 or IREGEL 676 manufactured 
by Ireco Chemicals,  Salt Lake City, Utah.    IREGEL 616 has approx- 
imately 85 percent of the explosive power of AN/FO while IREGEL 676 
contains aluminum powder and is approximately equal to the explosive 
power of AN/FO.    The desired amount of IREGEL can be poured into 
each drill hole to set up into a gel which is not affected by moisture 
as is AN/FO.    Detonators and detonating wire are installed and drill 
holes backfilled with 18 feet of well-tamped earth. 

Two-hundred fifty tons of explosive are to be used in the BLEST 
portion of the third event, and 62. 5 tons are to be used in the second 
event. 

The BLEST charges will be arrayed in lines perpendicular to the 
length of the HEST test bed.    During test execution,  the lines will 
be detonated in a series (starting with the lne farthest from the test 
object) and in such a manner that the grouni shock wave is reinforced 
and shaped to simulate the desired nuclear-weapon-induced ground 
shock wave at the scaled Minutem?.n launch facility. 

Use of Facilities and Resources 
of Area 

The construction workers will be furnished by a local contractor 
and will be from the local area.    The AFWL personnel will be housed 
in motels and apartments in the area.     Local businesses will be used 
for supplies and maintenance to the maximum extent possible. 
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Figure 6a     HEST/BLEST configuration. 
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transit-mixed concrete will be used as opposed to building a concrete 
batch plant.  Well water will be used for drinking on site.  Construction 
water will be obtained either from the river located south of the test 
beds,  or the pond southeast of the site.    The amount of construction 
water used will not affect the level of the larger pond or the river. 

Restoration of Area 

The area will be restored to as near its current condition as is 
reasonably possible.    All construction will be dismantled and removed, 
and the test beds will be cieared of structural debris.    Excavations 
will be filled with surcharge and berm soil.    The stockpiled topsoil 
will be put back in place and the previously grassed area will be 
reseeded in fescue.    Utility lines and poles and trenched cables will 
be removed. 

Portions of the fences and access roads will remain at the discre- 
tion of the property owner. 

SITE DESCRIPTION 

This site description is based primarily on observations made 
during a field trip in mid-May,   1974. 

The proposed site for the HARD PAN I test series is on private 
property leased by the Air Force in a rural area of east-central 
Kansas near the Missouri border.    The land is essentially flat with 
scattered woods and marshes. 

Population centers are small and scattered.    The climate has ex- 
tremes of moderately harsh winters and hot humid summers.    A 
variety of wild life exists in the nearby wooded areas.    The major 
industry is farming.    Winter wheat,  grain sorghum and corn are 
the major crops.    Much of the surrounding land is planted to peren- 
nial fescue as pasture for beef cattle.    The test site is representa- 
tive of the local area.    The east portion is pasture, the west portion 
is wheat, and the south (between the dike and the river) is now native 
vegetation including a few trees.    This area may have been farmed 
in the past. 

A secondary local industry is timber cutting.    A small portable 
sawmill supports a clear cut timber operation about 1-1/2 miles to 
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the southeast of the site.    Most of the residents derive their income 
from farming and farm-related enterprises; however, the nearest 
village, Trading Post, caters both to travelers along highway U.S. 69 
and to hunters and fishermen.   A few residents are employed at the 
coal strip-mine operation 7 miles to the north.    Presumably local 
people are employed at the nearby Marais des Cygnes Game and 
Waterfowl area and at the power plant, also 7 miles to the north. 

Location and Relative Position 
of Significant Features 

The proposed HARD PAN I test site is located at geographic coor- 
dinates 38° 15' N latitude and 94°39' W longitude in east-central Kan- 
sas (62 miles south of Kansas City and 2 miles west of the Missouri 
border) in the southwest quarter of Section 3,  T 21 S,  R 25 E,  Linn 
County, Kansas.    The site location is shown in Figure 7. 

Trading Post, (population 50) is slightly over 1 mile west of the 
test site.     The next nearest community is Pleasanton,   the largest 
town in Linn County, with a population cf 1093,  approximately 5 miles 
SSW of the test site.    Fort Scott, with a population of 8967,  is 27 
miles south of the test site. 

Figure 8 is an aerial photograph of the test area and vicinity with 
some of the significant features noted. 

The test area consists of cultivated fields and pastures bounded 
on the north by a county gravel road leading to Trading Post.    Pri- 
mary electric power lines on the north side of the road deadend at 
an abandoned farm building west of the test site.    A telephone line 
is buried along the south side of the road.    The road crosses a small 
metal and concrete bridge near the northwest corner of the tesi. site 
area. 

The test site is bounded on the west and south by a flood control 
levee.    The top of the levee, near the middle of the test area,  is 
about 15 feet above the pasture to the north and the floodplain to the 
south.    The floodplain is (in May) about 20 feet above the level of 
the river.    The levee ends on the western part of the test area where 
the general land elevation approaches the height of the levee. 

Along the north side of the levee,   in line with the middle of the test 
area,  is a small stock pond.    A somewhat larger manmade pond with 
a dike along its western edge is located about 1/2 mile to the southeast. 
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To Kansas City 

Figure 7.    Map of test site area (1/2 inch = 1 mile) 
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COUNTY GRAVEL ROAD 

Figure 8.     Aerial photography of test  site area. 
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Between the levee and the Marais des Cygnes River is an area with 
native vegetation. 

The levee on the south border will be close to the test bed for 
Event 3 .      Beyond the levee to the west a small stream runs south 
through scattered trees to the Marais des Cygnes River.    This 
moderate-sized rather muddy river runs east near the south border 
of the test site.    Table 2 shows monthly water heights in the river 
near the site for 1971 through May 1974.    The banks of the river are 
steep and heavily wooded.    The Marais des Cygnes River drains the 
Marais des Cygnes Water Fowl Area, a managed game area which 
is slightly over one mile from the test site area.    (No water fowl 
were observed during the field trip to the test site. )  A hedgerow of 
trees abuts the east boundary of the test site. 

There are few dwellings near the test site.    The nearest inhabited 
dwellings, three farm houses and a mobile home,  are approximately 
I mile from the test beds.    A few abandoned buildings,  in very poor 
condition but apparently used for occasional storage,  are approxi- 
mately 1/2 to 1 mile from the test site. 

Table 2.    Water heights of the Marais des Cygnes 
River near Trading Post,  Kansas 

Month 
Height,  feet 

1971 1972 1973 1974 

January 24.57 11.44 17.25 31. 13 

February 19.50 3.55 23.58 11.85 

March 19.15 3.00 2 8.42 24.85 

April 2. 80 4.20 27.62 15.80 

May 4.85 23. 10 27.27 20.80 

June 9.20 3.35 18. 10 

July 10.65 4.00 17.45 

August 4.95 3.45 3.90 

September 2.73 2.95 28.25 

October 5.05 2.45 30.80 

November 2.60 6.27 20.55 

December 23.80 5.27 21.43 

Note:    Flo( 3d Height = 24 fee t. 
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Figure 9 shows distances from the proposed location of the half- 
scale Minuteman launch facility, which is the test object for the 
largest explosive test. 

Table 3 summarizes the man-made facilities and natural features 
as a function of distance from the half-scale launch facility. 

Topography and Geolcgy 

The test area is quite flat with elevations varying from approxi- 
mately 780 to 79"? feet. 

Exposed bedrock of the test area and environs consists of cyclo- 
themic formations  of the Pennsylvania Period, Desmoinesian series, 
Cherokee group, Cabaniss subgroup, composed predominantly of 
shale and sandstone with several workable coal beds.    The nearby 
area is geologically of the Marmaton group, with predominant lime- 
stone units and containing several coal beds.    The entire Pennsyl- 
vania Period sedimentary strata dips gently westward. 

The test area is commonly referred to as unglaciated claypan 
prairie and prairie sandstone.    County soil maps indicate that the 
soil is light clay and claypan at the test site with silty and clayey 
soils along the streams and rivers. 

Meteorology 

Based on 1971 climatological records,  temperatures in nearby 
Kansas cities varied from a high of about 100 degrees to a low of 
-6 to -20, with an average annual temperature of approximately 55 
degrees,    Daytime relative humidity averaged about 60 percent. 
Winds were generally from the northwest.    There were about 80 to 
90 days of rain (0. 01 inches or more) with about 50 days of thunder- 
storms.    There were about 30 inches of rain and 30 inches of snow. 
Table 4 lists the monthly rainfall records since 1971. 

Strong winds and tornadoes are not uncommon. 

Land and Water Use 

The we stern portion of the test site is currently planted in winter wheat 
by a tenant farmer.    The eastern portion is a seeded hay meadow.   Active 
pasture land borders the test site area.    Farms are scattered and many 
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Figure 9.     Distances measured from tust objccl  of  F\en 
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Table 3.    Distances of facilities and natural features from the half- 
scale Minuteman launch facility. 

Distance Facilities and Natural Features 

Within 0. 5 mile Gravel roada 

Electric power lines 
Underground telephone cable* 
Levee 
Marais des Cygnes Rivera 

Manmade pond 
Stock pond 
Streams,  treesa 

0. 5 to 1 mile 1 farmhouse 
1 mobile home 
1 small bridge 
Livestock loading pen 
Abandoned farm buildings used for storage. a 

1 to 1.5 miles Village of Trading Post (population 50) 
9 other dwellings 
Edge of Marais des Cygnes Waterfowl Area 

1.5 to 2 miles Village of Trading Post and other dwellings 
State Highway 69 and roadside businesses 
Lake 

Notes: 
aThese also occur in all greater range bands. 
"Occupied dwellings are indicated by small solid squares in 
Figure 9 (some ma y now be abandoned). 

farm houses have been abandoned. The test site will be leased from 
the Pittsburg and Midway Mining Company, which also owns much of 
the surrounding area and plans to mine it for coal at some future date. 

The river and lake areas are used for recreation (hunting and 
fishing) and watering livestock.   Drinking water in the dwellings 
nearest the site is from wells.    The nearest well,   and associated 
underground cistern,   is located at an abandoned house site 1/2 mile 
northwest of the test area.   This location is marked "storage shed" 
on Figure 8.   The nearest well known to be in recent use is at an 
abandoned house I mile to the east of the site.   This well is 62 feet 
deep with a water level of 22 feet (Reference 2).   The nearest well in 
active use is slightly over a mile distant.   It is 53 feet deep with water 
at 15 feet. Reference 2 concludes that the water flow in the Pennsylvania 
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Table 4.    Rainfall near Trading Post, Kansas (inches). 

Year 
Month 

1971 1972 1973 1974 

January 2.50 0. 40 4.73 1.42 

February 2.00 1.27 1.41 2. 13 

March 0.48 2.54 13.30 5.60 

April 1.66 3.00 q   *-» 
7.   A«. 3.30 

May 3.61 2.72 4.58 3.72 

June 4.88 0.60 4.90 

July 7.20 5.77 3.05 

August 0. 17 5.31 0.65 

September 4.35 5.74 15. 38 

October 4.50 2.81 4.95 

November 1.50 4.04 3.49 

December 4.93 1.60 11.73 

formation is very small, about 1 gal per day.    Below about 100 feet 
it is too mineralized for use.    Most of the town of Trading Post uses 
"rural water" piped in from a reservoir at La Cygne to the north al- 
though a few families still use well water.    The town of Pleasanton 
maintains a reservoir (Pleasanton City Lake) for domestic water 
about 3-1/2 miles south of the test area. 

Biology 

Two ecological factors were considered for this assessment.* 
First, whether the site is unique in the sense that it affords a habitat 
for plants and animals that is unavailable elsewhere,  and second, 
whether any rare,  threatened or endangered spec.es are dependent 
on the site for part of their life cycle.    During tho May 1974 visit the 
site was determined to be not unique, but repres äntative of the sur- 
rounding area.    A literature survey based on material found in Bio- 
logical Abstracts failed to locate specific references to the use of the 
site environs by any vulnerable species.    An exception might be the 

*The AFWL has performed a separate ecological reconnaissance, 
results of this study are given in Appendix B. 

The 
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Peregrine Falcon, an endangered species, which is known to be in 
eastern Kansas in the fall and winter. 

During the site visit few animals were observed near the test 
areas, but small game and deer are apparently abundant in the wooded 
areas.   Waterfowl are also apparently abundant at certain times of 
*he year.    The nearby wildlife areas are not sanctuaries, but are 
managed for hunting and fishing for those species not protected by 
State law.     The following Is a summary of Kansas hunting regulations. 

Species Hunting Season 

Rabbit All year - no limit 
Coyote All year - no limit 
Birdsa Generally mid- November 

through December (rails 
September to November) 

Deer 2 1-month periods, 
October and December 

Racoon, Fox, other 
fura October through February 

Note: 
aOwls and Hawks,  Muskrat, Mink, Swift fox, 

Weasel,  Beaver,  Ferret and Otter are protected. 

Other Characteristics 

Little information was available regarding the population and 
economy of the area,  except that the population is sparse, with agri- 
culture and related activities the major industry. 

Recreational resources,  other than hunting and fishing, appear 
to be scarce. 

The National Register of Historic Places (1972) lists the Marais 
des Cygnes Massacre Site as the only registered historical site in 
Linn County.    However,  Reference 3 also lists the Battle of Mine 
Creek Site.    The massacre site,  named for an incident dating to the 
pre-Civil War Free-State Slave-State controversy between Kansas 
and Missouri and located about 3-1/4 miles north of the test site, 
is now a large well-kept picnic area and state park.    An early build- 
ing, housing a museum,  is preserved there.    The bxulding,  constructed 
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of local stone in the 1860s or 1870s, was restored in 1%2 and is in 
excellent condition.    The Battle of Mine Creek Site, location of the 
largest Civil War Battle in Kansas,  is on privately owned land 2 miles 
south of Pleasanton.    No trenches or earthworks are located at the 
Mine Creek Site. 

A literature search was conducted to determine if any archaeologi- 
cal sites existed near the test area.    The Abstracts in Anthropology 
indicated that the periodical Plains Anthropologist is the best source 
of anthropological/archaeological articles for Kansas.    No specific 
reference could be found for Linn County.    The majority of the active 
work is being conducted in central Kansas.    Search of older literature 
(Miscellaneous Collections of the Smithsonian and Collections of the 
Minnesota Historical Society) confirm that most archaeological sites 
are fourl in central Kansas.    There appears to be a low probability 
of occurrence of a site in the test area. 

The literature search was followed by contact with the U. S.   Depart- 
ment of Interior Office of Archaeology and Historic Preservation. 
Mr.   Thomas Witty,   chief archaeologist for the Kansas State 
Historical Society,  was suggested by them as the authority on Kansas 
archaeology.    Mr.   Witty stated that there was no controlled archaeo- 
logical site in the test area,   and that there was low potential for a 
significant find.    The nearest excavations were conducted about 7 
miles north of the test area at the power plant cooling area.   La 
Cygnes Lake,   prior to its construction.    In the evem that archaeologic 
or historic relics are uncovered during construction,   the Kansas 
State Historical Society will be contacted for guidance. 
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EXPLOSIONS PHENOMENA 

This subsection describes the physical phenomena expected to re- 
sult from the test detonations.    The environmental impact of these 
phenomena is assessed in Section 2. 

The physical phenomena considered here include: airblast, anoma- 
lous blast propagation and noise; ground shock; cratering and ejecta; 
dust rise and transport; and explosive detonation products.    The n lm- 
erical values cited in this subsection are not necessarily self-consistent; 
that is,  all may not refer to the same test parameters.    This is because 
at the time of preparation of this assessment some of the explosive 
placement parameters were not completely defined.    For example, 
the charge size in individual BLEST holes could range from about 
1/4-ton to 1 ton,   the grid spacing could be 10 to 20 feet,   or the BLEST 
explosive could be AN/FO or AN Gel.    For each phenomenon considered, 
values of variable parameters which maximized the phenomenon being 
discussed were used (unless stated otherwise); thus this assessment 
represents a worst-case analysis. 

Airblast 

Overpressure 

Figure 10 shows the predicted maximum peak overpressures as a 
function of distance for the three tests.    These are empirical pre- 
dictions based on yield scaling from previous HEST tests.    The depth 
of burial of the BLEST charges will greatly attenuate the airblast from 
them,   thus the major contributor to the predicted peak pressure will be 
the HEST detonation.    The sequential detonation of the BLEST charges 
will modify the front face of the blast wave by causing a rise time to 
peak pressure of 40 to 45 msec rather than the instantaneous rise 
seen in most blast waves.    Figure 11 shows a predicted pressure pulse 
from the largest test at about the range of the manmade pond to the 
southeast of the test area.    The actual pressure field may not be 
symmetrical around the test area due to the non-symmetrical place- 
ment of the explosives.    This relationship should have no effect on the 
assessment of damage since we consider the peak,   or highest over- 
pressure at any range. 

The explosives used may also make a small difference in observed 
overpressure. AN Gel has been reported to produce an overpressure 
about 3 to 5 percent lower than that produced by AN/FO under similar 
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Figure 10.   Predicted HARDPAN maximum overpressures. 
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Figure 11.    Event 3 far-field pressure prediction (1500ft range). 
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burst conditions (Reference 4).    The data,  however,  show great 
variation and it is not clear if this is a scalable relationship.    Evi- 
dently the AN/FO vents while still burning,  thus coupling more 
energy into the airblast wave     However,   since the major contribution 
to airblast ie HEST.    This phenomenon is not significant. 

Anomalous Propagation 

Local atmospheric conditions can modify the blast wave.    Over- 
pressures upwind from the test could be reduced 5 percent     Strong 
temperature gradients or inversions can influence even relatively 
close-in pressures.    The overpressure is reduced by atmospheric 
temperature decrease with altitude,  while an inversion may slightly 
increase the pressure. 

The major effect of atmospheric conditions concerns long-range 
propagation.    Atmospheric refraction and winds aloft may create con- 
ditions which bend or focus blast-ray pains either toward or away 
from the earth.    This has the effect of either enhancing or decreasing 
blast amplitudes when related to he mogeneous atmospheric  propaga- 
tion.    Reed (Reference 5) present a method to calculate these effects 
as a function of local ambient conditions at the time of the test event. 
Enhancements as great as a factor of i or 4 have been measured in past 
tests.    This could extend the threshold of window breakage to three or 
four miles.    Monitoring of local conditions will be required to provide 
final estimates of anomalous propagation. 

Noise 

Noise,  as a nuisance factor,   is more subjective than objective 
The sudden 'bangs" associated with an explosion are more irritating 
than are sernisustained high-level sounds which can be more physically 
damaging.    The fright associated with sudden noise adds to its un- 
desirability.    Unfortunately most work on noise has been done with 
a relatively continuous source as opposed to the impulsive-type noi&e 
produced by a blast. 

The physical or acoustical measurement of noise involves under- 
standing of three characteristics:   intensity,   frequency,  and duration. 
The intensity is relative to the overpressure,   and decibels (dB) are 
dimensionless units used to describe the sound level.    Figure 12 
from Reference 6 shows the sound level of a blast wave in relation 
to its overpressure. 



,   ! 

120      130     140     150      160     170      180     190 

SOUND LEVEL (dB) 

Figure 12.    Sound level in a blast wave. 
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The frequency spectrum for a 100-lb surface charge produces 
maximum sound wave frequencies from 100 to 500 hertz (Hz)   (Ref- 
erence 7).    The energy concentration of larger charges,  and buried 
charges,  is displaced toward the low end as explosive yield increases. 

Ground Shock 

The predicted ground motions generated by the three events are 
shown in Figure 13.    The theory behind the projected maximum 
motions is that there is some array of row charges in which earth 
pressure waves merge and reinforce each other causing the source 
to appear higher in yield.    The local geology attenuates the amplitude 
of the seismic waves.    This attenuation is due to internal friction and 
to the geometric spreading of the seismic pulse radiated outward from 
the detonation.    The actual seismic pulse may not be as large as 
indicated.    The BLEST charges are sequenced to produce maximum 
reinforcement and movement at the test structures.    Shock waves 
arriving from different directions may not reinforce each other as 
the seismic signal propagates from the test bed. 

Crate ring and Ejecta 

Neither the DISC HEST nor the HEST portions of the other two 
tests will produce a crater.    No typical parabolic crater will be formed 
by the BLEST portion of the tests; but rather a large undulating area 
of broken soil and rock.    The first row of charges- detonated in the 
moist clay soil will produce a linear furrow approximately 50 to 60 
feet longer than the length of the row of charges about 60 feet wide 
and 12 to 15 feet deep (Reference 8).    The existence of bedrock close 
to the surface will probably make the initial furrow somewhat shallow- 
er and broader. 

The ejecta from each succeeding sequenced-row detonation will 
tend to fill the last furrow produc  d since «.he ejecta,   except that 
produced by the outermost charges,  cannot leave the test bed except 
as a dust cloud.    Actually,  the second row of c harges is detonated 
while the ejecta from the first row has started its upward trajectory, 
but the final result will be the same.    The BLEST should produce a 
disturbed area somewhat larger (but with the same shape) than the original 
test bed,  with alternate transverse furrows and mounds L to 4 feet 

*The size of each BLEST charge has not ben determined; in this 
description it is assumed each charge is 1-ton. 
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Figure 13.    Predicted surface seismic motions. 
(Predictions based on total impulse.) 
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high. The test bed will be encircled by a lip of rubble approximately 
4 feet high. The area of continuous ejecta will extend 80 feet beyond 
the test bed in all directions (and somewhat farther downwind). 

The ejecta from the HEST detonations will form a cross-like pattern 
(except Event 1,  the DISC HEST event, which will produce a circular 
pattern) with the greatest ejecta amount and greatest distances found 
at right angles to the sides of the HEST test bed.    The ejecta field 
will be elongated in the direction of the wind.    Tor Evnt 1 continuous 
ejecta will be out to about 900 feet and the maximum range of missiles 
(2-3 inches in diameter) will be 1400 feet.    For Event 2 the continuous 
ejecta ranges from about 400 feet,  at the cross intersection to about 
1300 feet. The ejecta of the largest test will range from 500 to 1450 feet. 

Generally,  ejecta particle size will decrease with range ; however 
some discrepancies may occur.    Maximum missile range for a single 
event would range from 1500 feet for a HEST charge to 910 feet for 
an 18-foot depth of burst 1-ton BLEST (Reference 9).    There should 
be no enhancement of these ranges due to multiple charges. 

Dust Rise and Transport 

The explosion-produced dust cloud will be composed of two parts: 
a low,  flat base surge produced by dust left behind by the lofted ejt eta, 
and a more or less spherical main explosion cloud produced by dm t 
raised aloft by the '-ortex action of the venting explosion gases.    Based 
on empirical scaling from data presented in Reference  10,  the maxi- 
mum credible cloud size for the 1? ru<-st test,  prior to wind transport, 
will be: 

Base surge: 980 x 7*0 x 75 feet high 

Stem: 500-foot radius.   <i00 f« et high 

Main Cloud: 1000 x 800 x 450 fe   t. 

The cloud top should rise approximat   K   ^00 to "50 feet. 

The surface winds will move the cloud and the individual ri ist par- 
ticles will fall at speeds proportmna i ' > 'heir diameter.    If it is 
assumed that 1 pound of explosive ;ofts  1 pound of dust into the air* 
(Reference 11),   then the initial dust loading,   or concentration,   of the 

*This lofting figure includes both dust and ejecta and is prubably an 
order of magnitude high for dust alone. 
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cloud will be about 17. 5 g/m   at the time of maximum growth, when 
it starts to be transported by the winds.    The size distribution of the 
particles in the cloud is the same as- the size distribution of the earth 
over the charge.    The parameters of the dust in the cloud are: 

ASSUMED 
SOIL SIZE 

sizr DISTRIBUTION CLOUD LOADING FALL RATE 

(u) (%) (gm/m3) 

^.51 

(ft/min. ) 

10-20 20 1 

20-50 40 7.02 9 

50-200 30 S. 26 60 

200-500 6 1.05 400 

500-1000 4 .70 700 

Using these data, Figure 14 was constructed showing cloud dust den- 
sity as a function of time assuming no process other than mechanical 
particle fall diffused and diluted the dust cloud. 

The data from Figure 14 is used in Table 5 which shows the dust 
concentration at various downwind distances for four wind speeds. 
The values shown represent the maximum credible concentrations. 
Real wind fields will dilute the dust-air mixture by diffusion and shear 
so that the actual concentration should be much lower. * 

Table 5.     Dust concentration of non-diffusive cloud for various 
distances and wind speeds. 

WIND SPEED 
(knots) 

DUST CONCENTRATION (g/m ' i 

Distance Downwind,   in miles 
1/2                    12                      5 

1 6                   V5            2.5                1.5 

3 10                   8. 0             5. 0                 2  4 

5 12                   9.0             7.2                 36 

10 14                 12.0             9.0                6.0 

*The only dust concentration measurement in an explosion cloud was 
made after a 500-ton surface burst (Rtfereno   12).    At 20-minutes 
after the burst measured maximum i onrent rations were 0. 01 g/m   ,   the 

i 

average concentration was 0. 003 g/m 
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Detonation Products 

Detonation products will be produced from combustion of the explo- 
sives when the events are executed.    Table 6 shows the products which 
are expected to result from the combustion of the PETN and AN Gel 
explosives.    The products of AN/FO are similar to those from AN Gel. 
Intermediate products will not survive the thermal energy of the ex- 
plosion. 

The PETN products shown are based on experimental observations 
byOrnellas,  et al (Reference 13).    Other PETN products,  and differ- 
ent proportions of the products shown in Table 6 are reported by Cook 
(Reference 14) and others, but are based on theoretical analysis or 
experiments using small explosive charges where the thermal energy 
in the fireball is much lower than that which will result from the HEST 
explosions. 

Table 7 is based on the percentages shown in Table 6 and shows 
the total amounts of detonation products resulting from the execution 
of each event.    All of these detonation products are found naturally to 
some degree in the atmosphere or the earth's crust. 

Table 6.    Products of detonation expressed in pa irts by weight. 

PETNa 

(percent) 

AN Gel0 

■ 

IREGEL616 IREGEL676 

Water 

(percent) (percent) 

19.7 -60 -55 

Carbon dioxide 48.7 -15 - 10 

Nitrogen 17.7 -25               !              -25 
i 

Aluminum oxide - - -10 

Carbon - <0. 5 cl ,0 
1 

Sulfur - <0.03 <0. 0 3       ' 

Carbon monoxide 13.8 
i 

I 
Hydrogen 0. 638 

Ammonia <0.001 - - 

Methane <0.001 - 

a)Based on Reference 13. 
b) Source :  Referenc :e 15. 
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The detonation products from the HEST explosions will largely 
be expelled into the atmosphere.    The detonation products from the 
AN Gel or AN/FO may be expelled into the atmosphere or contained 
in the ground, depending on the size of each explosive charge in the 
BLEST array. 
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SECTION 2 

ENVIRONMENTAL IMPACT 
OF THE  PROPOSED ACTION 

A description of the HARD PAN I construction operations, 
test site and surrounding area,  and predicted explosions phenomena 
are in the previous section.    Based on these descriptions,  the prob- 
able environmental impact of HARD PAN I,  as proposed,  on the 
natural and socio-economic environment is evaluated here. 

ENVIRONMENTAL IMPACT OF 
CONSTRUCTION AND OPERATIONS 

No significant environmental impact is expected due to thfi 
construction and operations. 

There should be negligible impact on wild life.    Wild animals 
will probably vacate the area due to the intrusion of man if they have 
not already done so due to the activities in the area.    Hunting should 
be only slightly affected since most of the surrounding farmland is 
posted   'no hunting. "   No significant amount of wild game habitats 
will be disturbed because the construction is in cultivated fields. 

Approximately 160 acres of land will not be usable for farming 
until the completion of the project.    The land will be temporarily 
disturbed,  but the upper ten inches (average) of organically useful 
soil will be replaced at the completion of the project.    The stockpiled 
topsoil will be protected from erosion with protective covering or 
fast growing ground cover.    Land erosion should not be a great 
problem since the test site is flat,  and the presence of the dike 
originally designed to keep flood water from the site will also effec- 
tively keep erosion-produced silt on the site.    The major construction 
activities will take place with the dike as a buffer to the river. 
Surcharge and topsoil will be stored on the site where a heavy rain 
will not introduce this material into the river. 
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Introduction of the workforce of approximately 25 contractor 
personnel and 15 AFWL personnel should be beneficial to the socio- 
economic environment of the area.    Some jobs will be created for 
local workers and local businesses will benefit from the living ex- 
penses of workers and the purchase of supplies and materials. 
Use of resources of the area should not produce scarcities and the 
facilities of the area should not be overloaded.    The amount of 
river water used for construction will not have any significant en- 
vironmental impact. 

There will be the usual noise,  dust,  and traffic associated 
with a construction project,  but the nearest inhabited   dwellings 
are one mile away.    The short stretches of public gravel roads 
will suffer from the traffic of heavy vehicles and may require addi- 
tional maintenance.    The dirt road adjoining the site to the north is 
not a main thoroughfare.    At present the major traffic is trucks 
hauling cut timber.    The major East-West road in the area is a 
paved highway a mile north of the test site.    When explosives are 
on site the dirt road will be closed.    This plan has been coordinated 
with the County Road Department.  This closure should pose little incon- 
venience to the five families living to the east of the site since alternate 
routes are available. 

ENVIRONMENTAL IMPACT OF 
EXPLOSIONS PHENOMENA 

The predictions of the explosions phenomena resulting from 
execution of the three events are contained in Section 1.    Based 
upon these predictions and upon the site description,   also contained 
in Section 1,  the effects of the explosions phenomena on natural and 
man-made features of the test area can be predicted.    A damage 
assessment can then be made using information on the vulnerabilities 
of these natural and man-made systems to the phenomena. 

The environmental impact of (1) airblast,   (2) ground shock, 
(3) cratering and ejecta,   (4) dust,   and (5) explosive detonation pro- 
ducts are evaluateH here.    Table 8 summarizes an extensive litera- 
ture review of threshold levels for damage vulnerability to compo- 
nents of the environment for airblast and ground shock and the dis- 
tance from the three events at which these threshold levels occur. 
In the analyses below only the largest detonation (Event 3) is dis- 
cussed since it represents a worst case.    The logic here is that if 
this worst case proves to be acceptable the lesser cases should also 
prove individually acceptable.    The possibility of cumulative effects 
is addressed later. 
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Airblast 

Section 1 noted that peak overpressure is usually considered 
the main criterion for blast damage; however,  the conditions for 
detonation for HARD PAN I will not produce a classical blast wave 
but rather one which exhibits a relatively modest overpressure in 
relation to its long duration (the same situation as would be found 
a great distance from a megaton nuclear detonation),  and a rela- 
tively slow rising pressure pulse.    In this vulnerability analysis 
every effort was made to consider damage data from long duration 
pulses; however,   for convenience the vulnerabilities are listed in 
terms of peak overpressure.    The effects due to overpressure, 
anomalous propagation and noise are  considered separately. 

Overpressure 

The threshold of lethality for birds in flight is 10 to 30 psi 
(Reference 16).    This pressure level occurs at a distance at which 
other phenomena predominate.    Most studies of overpressure re- 
sponse on mammals (and humans) have been concerned with lethality 
rather than threshold damage,   but it is generally conceded that 
small mammals such as mice and rabbits are less tolerant to over- 
pressures than are larger ones,   like deer or man.    One  percent 
mortality could occur at 15 to 20 psi for small mammals and 25 to 
35 psi for larger ones (References 17 and 18).    The primary credible 
mechanisms of blast damage to land animals are the indirect effects 
of missiles (discussed later) and tumbling and subsequent impact. 
The tumbling threshold (which in turn might produce injury) is about 
2 psi for small mammals (Reference  18).    This occurs about 72 feet 
from the Event 3 test bed.      Human eardrum rupture threshold is 
about 3 psi (Reference 6).    Broadleaf trees,   such as maples and 
beeches,  may be broken at overpressures of 3. 5 to 5 psi (Reference 
19),  although branches will be broken at lesser overpressures. 

Only a small portion of the airblast energy is coupled into 
water.    The overpressure at the pond to the southeast is about . 09 
psi and about 0. 1 psi at the river.    These overpressures are not 
harmful to aquatic life (Reference 20). 

All of the direct overpressure vulnerability levels listed above 
occur at distances from the test bed where the major damage mech- 
anism is missiles and ejecta. 
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Assessment of damage to structures is dependent on the type 
of construction and the intended use of the structure as well as the 
overpressure.    Figures 15,   16 and 17 (Reference 21) relate the 
probability of failure to overpressure for three types of structures 
common to the area.    Refe-' nee 22 indicates that damage to a two- 
story wood frame house,   like the nearest farm dwelling,  subjected 
to a 1.6 psi overpressure level represented 23 percent of the value 
of the house.    This pressure level would be realized less than 100 
feet from the test bed.    Assessments of incipient damage levels 
have been made on past nuclear tests,  high-explosive tests,  from 
studies of sonic booms and empirical data derived from accidental 
explosion;-.    Each of these studies recognizes that minor damage, 
such as superficial plaster cracking,  while possibly unacceptable 
in a dwelling,  would be of little concern to a nondwelling farm struc- 
ture.    Based on these studies (References 23 and 24),  the following 
damage threshold criteria are generally accepted: 

Superficial cracks in brittle surfaces . 06 psi 
Wall and plaster cracks . 09 psi 
Broken tile and mirrors . 10 psi 
Broken bric-a-brac . 15 psi 

These thresholds do not affect the strength of the primary structure. 
The same damage is also associated with settling,  curing of green 
lumber and dehydration of cementitious material. 

Residential window glass failure occurs at a lower pressure 
level than any other type of structural failure.    An older Bureau of 
Mines  report recommended a "safe" airblast pressure level of 0. 5 
psi (Reference 25); however this recommendation is based on small 
charge data.    Recent sonic boom studies (Reference 24) verified a 
rule-of-thumb from nuclear test experience (Reference 23) that the 
approximate threshold for breakage of pie-stressed window glass 
was 4 mbar (0. 057 psi).    The most recent (Reference 26) analysis 
suggests that 2 mbar be considered as a damage threshold.    At this 
level there is less than one chance in 200,000 of breaking a window 
(at the 4 mbar level there is one chance in 3000 of breakage).    Lab- 
oratory tests with shock waves have failed to break glass at levels 
below 0. 145 psi (10 mbars).    An analysis (Reference 27) which re- 
lates probability of failure to both glass thickness and area,   indicates 
this threshold may be low (Figure 18).    The conservative approach 
would use the 2 mbar criteria.    This level occurs about 5000 feet 
from Event 3. 
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The nearest inhabited dwellings are approximately one mile 
from the test bed for Event 3.    At this distance the peak overpressure 
is predicted to be less than the most conservative value for window 
damage.    Therefore,  there should be no damage to residences from 
airblast.    The abandoned buildings which are used for storage pur- 
poses and the bridge will receive less than 0. 1 psi peak overpressure, 
which should not produce any damage.    A few abandoned structures 
within 1-1/2 miles of the test site are in very poor condition.    All 
are owned by the corporate landowner,  the Pittsburg and Midway 
Coal Company and are slated for destruction in the near future. 
Any damages to these abandoned structures will be negotiated on 
an individual basis with the coal company. 

Anomalous Propagation 

Atmospheric effects may duct, focus or refract blast waves 
away from,  or toward, the ground.    Past high-explosive test ex- 
perience (Reference 28) has shown that nonhomogeneous,  windy 
atmospheric conditions may cause propagated blast amplitudes at 
long range to vary from about one-tenth to ten times the standard 
amplitude based on acoustic propagation equations.    Amplifications 
of more than 3 to 4 times are very rare.    An amplification of 4-1/2 
times could extend the threshold of glass breakage to about 4 miles 
downwind.    If the wind is from the east,   the homes in Trading Post 
are within the 4-mile range.    Weather conditions will be closely 
monitored to assure that the events will not be executed when meteo- 
rological conditions conducive to anomalous blast propagation exist. 
It is rare when these atmospheric conditions exist for periods longer 
than 2 or 3 days. 

Noise 

A transient degeneration in hearing at conversational frequen- 
cies and tintinitus or "ringing" can be produced by an impuLsive 
sound of 160 dB.    (As a comparison,  distant thunder noise level is 
about 120 dB,   close thunder 130 dB and a sonic boom can be as great 
at 160 dB. )   (Reference 29)   The level of 160 dB occurs about 400 
fe*»t from Event III,  whereas the nearest people will be in the instru- 
ment vans,   considerably farther away.    The public is known to com- 
plain at levels of about 118 dB (0.002 psi).    These complaints are 
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based more on "startle" factor rather than damage (an unexpected 
sonic boom or mine blast can be very unnerviug).    The Air Force 
will do everything possible to make local residents aware of the 
time of the blasts so as to reduce this startle effect. 

Ground Shock 

Studies specifically designed to determine the effect of ground 
shock on subsurface animals,  plant roots and soil microbes (Refer- 
ences 30 and 31) produced essentially negative results for blast-like 
pressure pulses.    Subjective human response to vibratory inotions 
mostly based on earthquake studies,  in the frequencies associated 
with an underground detonation have shown motions of 0. 004 in/sec 
to be perceptible and motions of 0. 8 in/sec to be  "unpleasant" (Ref- 
erence 32).    These levels occur at 13 miles and 3900 feet,   respec- 
tively,  from Event 3. 

Subjective summaries of the effects of ground motion from 
nuclear tests on large animals (Reference 33) indicates no physical 
damage to beef cattle,  dairy cattle,  feral horses and deer at accel- 
erations of 4 g and velocities of 230 cm/sec.    A 30 animal dairy 
herd (0. 36 g) at NTS showed no signs of decrease in milk produc- 
tion shot day or on following days. 

In a review of ground shock damage levels and criteria, 
Cauthen (References 34 and 35) recommended the following: 

Opening of old cracks: 4. 3 in/sec 
Superficial plaster cracks: 6       in/sec 
Falling plaster,   some structural 

weakening: 9      in/sec 

The 4-inch/sec threshold occur  1700 feet from Event 3.    Nonresi- 
dential buildings can withstand higher motions,   since condition is 
impaired only in aesthetic ways by the threshold values.    Thus 
wooden buildings could tolerate the threshold of structural damage 
(9 in/sec).    Prefabricated metal buildings and plywood "field office" 
type structures reported no damage at higher velocities.    Trailers 
have withstood velocities as high as  11 in/sec without damage (Ref- 
erence 34). 
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All man-made structures are at least one half mile away and 
thus well below the threshold of damage due to ground shock.    The 
levee near the test bed for Event 3 will be subjected to about 3 g 
acceleration (1.6 cm displacement).    A levee near the Middle Gust 
test which was actively holding water withstood an acceleration of 
3.6 g (. 89 cm) with no apparent harm.    However,   since the levee 
is only in use during periods of flood,  a condition unlikely at the 
time of test,  it can,  and will if necessary,   be repaired.    The levee 
holding back the pond to the southeast will experience an accelera- 
tion of 0.45 g.    No effect is anticipated.    Ground shock at the nearest 
well in use is 0. 4 in/sec (0. 04g).    Prior experience has shown that 
shock levels of 0. 1 g do not affect wells. 

Dust 

There is no evidence that the dust raised by any event will 
constitute irrepairable damage to the environment.    Within 10 to 
20 minutes after the detonation the dust concentrations in the cloud 
will approximate that observed in wind generated dust storms.    No 
value of concentration when considered along with the time of cloud 
passage at a given point constitutes a health hazard to humans or 
animals and does not affect the growth of plants.    At distances 
greater than three miles it is doubtful if the cloud will be visible. 
The general direction of the normal prevailing wind (hence dust) 
travel is away from population centers. 

Crater and Ejecta 

Soil and rock fragments will be ejected from the test bed during 
the explosions.    Continuous ejecta is expected from about 80 feet to 
1420 feet beyond the test bed.     Missiles up to fist size will impact 
several hundred feet beyond the limits of continuous ejecta.    The 
areal density of missiles decreases rapidly as range increases,   so 
little damage to biota is expected.    The missiles will decompose 
rapidly under normal weather cycles.    Ejecta may fill or modify the 
stock pond.    This pond will be restored if required. 

Detonation Products 

The worst-case atmospheric contamination by detonation pro- 
ducts would be the vertical eruption of the geologic debris and the 
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gaseous fumes in the shape defined by the placement of explosives. 
The areas involved by each test were given in Table 1 and formed 
the basal area of the solid figure obtained by limiting the detonation 
cloud rise to 500 feet above the ground surface.    The volume of the 
cloud calculated by this method for the    Hree events is given in 
Table 9 along with the instantaneous reaction product concentrations 
in milligrams per cubic meter (mg/M  ),  and the Federally estab- 
lished limits for continuous exposure (an 8-hour working day) to 
industrial workers (Reference 36).    The contaminated volume of 
air is computed as if no lateral spread occurs,   or if it were only 
possible for the cloud to expand vertically. 

The gases produced in greatest quantity are water vapor,  ni- 
trogen,   and carbon dioxide.    Water and nitrogen are innocuous gases 
for which limits have not been necessary.    Carbon dioxide levels 
for Event   3   is well beneath concentrations hazardous to humans 
confined within the cloud for 8 continuous hours exposure.    The 
levels for Event 2 are near that threshold value.    The carbon di- 
oxide level projected for Event 1 exceeds the concentration allow- 
able for 8-hour exposure immediately above the site. 

Solid particles of carbon,   alumina and sulfur are to be ex- 
pected from the rapid cooling of the explosion cloud and all are con- 
sidered inert to the biota.    Standards have not been set on a toxico- 
logical basis for them. 

Hydrogen and methane are both highly reactive when combined 
with oxygen at elevated temperatures.     Both would contribute to the 
explosion energy as atmospheric oxygen interfaced with the fireball 
surface.    Water and carbon dioxide would be produced,   in small 
amounts compared to the main detonation. 

Carbon monoxide concentrations from the tests will exceed the 
recommended levels of 55 mg/M    within the effective fireball volume. 
Carbon monoxide Ls susceptible to autoignition down to a temperature 
of 1200 °F and would contribute to the  secondary thermal reactions 
where the luminous-atmosphere interfaces; in the worst possible case, 
no reduction in carbon monoxide is postulated. 

The detonation products of concern appear to be carbon dioxide 
from Event 1 and carbon monoxide for all three events.    Two factors 
will lower these levels of concentration.     First,   the cloud volume is 
not defined by the area of the test bed.    Experience has shown that 
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the cloud radius is two to three times the extent of the explosive 
array.    This increase in the cloud volume will reduce the above- 
site concentrations from 5 to 10 times.    Second,   lateral expansion 
and diffusion as the cloud is moved by winds away from the site 
will increase cloud volume and decrease concentration. 

A calculation was performed using Sutton's equations for in- 
stantaneous point source release,  as described in Reference 36, 
to calculate the worst-case carbon monoxide concentrations at the 
nearest dwelling.    Event 1 was selected as it represented the concen- 
tration which exceeded the threshold limit value by the greatest amount. 
Conservative values were used in the calculation:   the wind speed 
assumed to be 1 meter/second (2.23 mph) and stable atmospheric 
conditions; the initial concentration was a point source defined by 
the size of the test bed.    Under these conditions the average CO 
concentration at the nearest dwelling is 46 mg/rn^,  which is below 
the 8 hour continuous exposure TLV. 

There should be no change in the quality of ground water in 
the vicinity oi the test beds due to detonation products.    The trans- 
missibility of the clay overburden above bedrock is low so that 
little penetration into water-bearing strata is possible in the few 
milliseconds of overpressure.    A long series of water samples have 
been collected by the Air Force from the MIDDLE GUST test beds, 
which were clay over shale,   as here,  without finding contamination 
in the water,  or degradation of water quality.    In those tests indi- 
vidual detonation masses were as large as 20 tons TNT equivalent, 
while here the individual charges are no larger than 8 tons equiva- 
lent of TNT,   maximum,   and even smaller for the ammonium nitrate 
charges. 

Chemical analyses for explosive product contamination in the 
soil from the MIDDLE GUST crater were performed without finding 
any chemical species which exceeded the levels found in control 
samples.    Analysis was performed lor total carbon,   carbonate, 
organic carbon,   sulfur,   phosphorus and nitrogen.    If these analyses 
were in error,   or if some deleterious product unknown at this time 
were introduced into the soil,   it would have no effect on water quality 
since water movement in the aquafer is only 0. 34 ft/day (Reference 
2).    At that rate it would take about 10 years to reach the river 
(where it would be diluted) and 40 years to the nearest well.    The 
area will be strip-mined during this time period. 
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Cumulative Effects 

The tests are individual events.    There is no evidence,  based 
on experience at the Canadian Blast Test Range and at sites in the 
United States, that the three events which are spaced both temporally 
and spacially will produce any cumulative adverse effect. 
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SECTION 3 

UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS 

To summarize Section 2,  there will be no significant adverse effects 
on the environment. 

The environmental effects are about equally distributed between the 
effects of the tests and the effects attendant with any large construction 
project,  e.g.,  noise,  dust,  landform change.    The land will be disturbed 
but will be restored.    Federal and State air quality standards will be 
temporarily exceeded by the cloud of dust and detonation products from 
execution of the events, but this occurs with many types of transient 
operations.    The events will not be executed when meteorological conditions 
conducive to anomalous airblast propagation exist.    Possibly the major 
effect, although not strictly an environmental issue, will be the loss of 
18 months of productivity as farmland. 
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SECTION 4 

ALTERNATIVES  TO THE  PROPOSED ACTION 

Alternatives to the proposed action include: 

1. Conduct the project at a different test site. 

2. Reduce the size of the project 

3. Simulate in a laboratory 

4. Cancel the project. 

CONDUCT THE PROJECT 
AT A  DIFFERENT SITE 

The tests must be executed In a geology similar,   but with 1/2 
the layer depth,   to the geology in which the majority of Minuteman 
launch facilities near Whiteman AFB are constructed.    The proposed 
test site was selected because it has the necessary geology and is 
relatively remote from man-made structures which would be subject 
to damage.    For these reasons,   conducting the project at a different 
site in the time required is not a viable alternative. 

REDUCE THE SIZE 
OF  THE  PROJECT 

The amount of explosive to be used has already been reduced to 
approximately one-third of the originally planned amount.    Further 
reduction would reduce the confidence in the ability to apply the re- 
sults to predictions of the response of Minuteman launch facilities 
under nuclear attack.    This reduction is not warranted in view of the 
fact that no significant environmental impact is predicted. 

SIMULATE IN A LABORATORY 

As a model becomes increasingly s»- aller than its full scale, 
there is less confidence in applying scaling factors to relate simu- 
lation results to real-world situations.    All relationships do not 
scale at the same rate in the same manner.    For example,  the 1/2 
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scale test will give data which can be related to real-world situations 
with more confidence than the 1/4 scale test.   For the evaluation of 
the combined effects of airblast and ground-shock, a laboratory 
simulation on perhaps a 5-foot missile silo would not yield data which 
could be usefully applied to an actual situation involving an 80-foot 
silo.    There is evidence that the geological conditions required by the 
tests cannot be reproduced in a laboratory. 

PROJECT CANCELLATION 

The need for the program is discussed in Section 1.    The impor- 
tance of the technical objectives,  the potential savings of millions of 
dollars when upgrading the hardness of Minuteman facilities,  and the 
lack of significant environmental impact justify the proposed project. 
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SECTION 5 

RELATIONSHIP BETWEEN LOCAL SHORT-TERM USE 
OF THE ENVIRONMENT AND THE MAINTENANCE 

AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 

The proposed action will have no effect on the long-term producti- 
vity of the test site.      The land will be restored to its current use as 
cultivated farmland and pasture. 
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SECTION 6 

IRREVERSIBLE AND IRRETRIEVABLE 
COMMITMENTS AND RESOURCES 

There are no known irreversible and irretrievable significant 
commitments of natural resources.  Financial and material resources 
will be expended in the construction aspects of the project, as is so 
with any construction project.    The need for the project justifies this 
commitment of resources. 

65 



;.: 

SECTION 7 

DETAILS OF UNRESOLVED CONTROVERSIES 

There are no known controversies at this time.    Since (1) the 
test site is relatively remote,   (2) the project will not significantly 
affect the environment, and (3) the project will provide some stimu- 
lus to local businesses, it is not liVely that the project will become 
controversial. 
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APPENDIX A 

KANSAS ENVIRONMENTAL LAWS 

The environmental laws for the State of Kansas are summarized 
below from Reference 38. 

Air Quality 

The Air Quality Conservation Commission of the State of Kansas, 
acting as an advisory body,  places responsibility for air quality conser   -»tion 
and control of air pollution with the State Board of Health.    Applications 
for variances from regulations governing emissions should be made to 
the Board at least 60 days before an activity is initiated. 

The definitions of air contaminants,  unallowable emissions,  and 
durations of contamination gi\en in the regulations refer to 1-to 24-hour 
periods or to continuing situations or permanent installations or equipment. 

Specific reference is not made to emissions resulting from the HARD PAN 
type of explosion.    However,   if it can be inferred that the words  "any 
source or operation that emits any contaminant that may be adjudged to 
be or tend to be significantly injurious  to human health or welfare,   animal 
or plant life,   or property or capable of unreasonably interfering with 
the enjoyment of life or property because of its specific chemical or 
physical nature or the quantity of discharge" could be applied to HARD 
PAN,  plans should be reported to the Kansas State Department of Health. 

"On site open burning of structures,   vegetation or other combustible 
materials" is included among the contaminating acts for which the Department 
does grant exceptions to the regulations.    Such burning shall be carried out 
at least 1000 feet from any occupied dwelling or public roadway and at 
least one mile from any airport,   and burning operations shall not be initiated 
until at least one hour after sunrise. 
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The compounds for which emission levels are specified include:   sulfur, 
hydrocarbons, and carbon monoxide.    Ground level particulate concentrations 
at the property line equal to or exceeding 2.0 milligrams per cubic meter 
above background concentrations for any time period aggregating more than 
20 minutes during any hour are not permissible without prior approval of 
the Board. 

Water Quality 

Kansas water pollution control laws and water quality criteria are 
administered by the Division of Environmental Health of the State 
Department of Health.    Authority includes preservation of waters from 
pollution detrimental to human,  animal,  plant,  or aquatic life. 

Specific criteria relate to bacteria,  dissolved oxygen content,   temperature, 
pH (hydrogen ion activity),  ammonia,  oil and grease,  organic and inorganic 
solids,  turbidity,  taste,  odor,  color,  and toxic substances.    Basically, 
limitations are to "established beneficial use". 

Included among the water courses to which the beneficial use criteria 
are applied is the Marais Des Cygnes River Basin,  which is designated for 
public water supply,  industrial water supply,   recreation (including sport 
fishing),  agriculture,  and to receive treated wastes.    Water quality 
degradation is not permitted below the 1962 U.S.   Public Health Service 
drinking water standard,   standards acceptable to fishery environments, 
and other established beneficial uses. 

Solid Waste and Refuse 

Solid waste and refuse disposal is administered by the Kansas Department 
of Health.    Under the regulations of the Department,   it is unlawful for any 
person to dump or deposit any solid wastes or refuse onto the surface of 
the ground or into the water of the state without having obtained a permit, 
except that individuals are not prohibited from dumping solid wastes from 
their own residential or agricultural activities onto the surface of the land 
owned or leased by them when such wastes do not create a public nuisance 
or adversely affect public health. 

Hazardous wastes,   including flammable or explosive materials,  must 
be stored   'in a manner which will prevent spillage,   leakage of liquids, 
and/or the concentration or generation of harmful or explosive vapors or 
offensive odors from the stored materials. "   The safe handling of hazardous 
matt rials must be provided for and fire hazards prevented. 
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AFWL-TR-74-202 

SECTION I 

PURPOSE AND SCOPE 

This study was conducted to make an ecological assessment of the HARD PAN I 

Field Test Site, and to determine associated environmental Impact of the test 

series. The study Identifies the major ecological and biological factors 

related to the site and surrounding areas. The study Is based on field 

observations (24 June through 27 June 1974) and a review of historical and 

scientific literature. 
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AFWL-TR-74-202 

SECTION II 

DESCRIPTION OF THE TEST SITE 

The test site is located in a field in Linn County in east central Kansas, 

approximately 62 miles south of Kansas City. The site with its respective tree 

lines, crops and levees is typical of the surrounding area (figure B-l). 

1. ECOLOGICAL CONSIDERATIONS 

The ecological features of the test site are shown in figure B-l. A hay meadow, 

grain-sorghum patch, and winter-wheat field comprise the immediate test site area. 

The primary meadow grass is fescue with a mixture of dense forbs in some areas. 

Fescue was planted in 1970 and 1972. A community of Missouri gooseberry (Mbes 

mi88owrien8e)  is found in the southeastern quadrant of the hay meadow. 

Timbered areas border the site on the east, south, and west. The area to the 

north is active farmland. The trees of the flood-plain pasture area to the west 

are mainly pecan {Carya illinoensis).    A small intermittent stream runs through 

the flood-plain pasture area and empties into the river. The tree line on the 

east side of the test site is a fence row dominated by osage orange (Maculra 

promifera).    This species was once widely planted for living fences before the 

use of barbed wire. The south flood-plain area adjacent to the Marais des Cygnes 

River is a sparsely wooded oak-hickory association. Pecan dominates the 

beginning of the woodland at the meadow's edge. 

The woodland area east of the test site is a mixed stand of secondary-growth 

decidious forest with dense undergrowth. A small meadow between the woodland and 

test site has not been disturbed for several years. 

A large pond and associated marsh area is located approximately 1500 feet 

southeast of Event 3. Scattered dense stands of box elder (Acer negundo),  green 

ash {Fraxinus pennsylvaniaa), red maple (Aeev ralrun),  and cattail {Typha 

latifolia)  are found along its border. 

Three ravines traverse the test site and flood plain and empty into the river. 
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ÄFWL-TR-74-202 

The test site and areas Immediately surrounding It provide a diversity of 

habitats for birds, mammals, and reptiles. A review of aerial photographs of 

the county indicate that similar habitats occur throughout the county where 

farmland and woodlands extend to the river basin. Present logging of woodlands 

southeast of the large pond and test site is decreasing the amount of wildlife 

habitat in the area. 

Eastern Kansas is rather unique ecologically because it represents the edge 

of the range for many eastern and western species of plants and animals. 

The Marais des Cygnes Waterfowl Management Area is located to the west and 

southwest of the test site (figure B-2). Unit"C" is the closest section and is 

approximately 1.25 miles southwest of the site. The Waterfowl Management Area 

is a manmade marsh constructed by the Kansas Forestry, Fish and Game Commision. 

The area has been designed and is bein'j managed to furnish a resting and feeding 

place for migratory waterfowl and to provide more public hunting opportunities 

for Kansas sportsmen. The area contains 6646 acres including 1800 acres of 

water contained in manmade lakes. Unit "A" (Burr Oak Lake) and Unit "B" (Wood 

Duck Lake) were completed in 1955. A third lake, Unit "G" (Flathead Lake), was 

completed in 1958. Hunting is permitted in all units except Unit "G" which 

serves as a game refuge. 

The avian fauna of the management area and its relationship to the test site 

will be discussed in section IV. 

Waterfowl, deer, quail, rabbit, squirrel, and doves are hunted in season. 

Other kinds of wildlife in the area include raccoons, opossums, coyotes, foxes, 

muskrat, mink, and beaver. 

2. FLORA 

The potential natural vegetation for this area of Kansas is bluestem prairie 

and oak-hickory forest (table B-l, ref. 39). However, the test site and surroundinq 

areas have been modified from their native vegetation due to farminq and logging. 

A random survey of plant communities was made to determine the dominant 

plant species. Samples were not sufficient for statistical analysis. A list 

of these species and location of occurrences arp civer in tabie B-2. 
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SECTION III 

MAMMALS, AMPHIBIANS, AND REPTILES 

A list of vertebrates with corresponding habitats that might occur in the 

area are given in appendixes A (Mammals) and B (Reptiles and Amphibians). These 

were prepared from the literature containing range distribution maps (refs. 40 

and 41). 

The following mammals were Identified as being part of the site fauna by 

observation or tracks: white-tailed deer [Odocoileus virginianus), coyote 

{Canis latrane),  red fox (Vulpes fulva),  fox squirrel (Sciurus niger),  eastern 

cottontail {Sylvilagus flondanus),  opossum (Didelphis marsupialis),  raccoon 

{Procyon lotor),  and muskrat {Ondatra zibethicus). 

Several snakes and turtles were seen but no attempt was made to identify 

these species. 

1. RARE AND ENDANGERED MAMMALS IN KANSAS 

Special consideration was given to rare and endangered species that may occur 

in the area. The list of mammals in this category is being compiled by the Soil 

Conservation Service and the Conservation Committee of the Kansas Academy of 

Science. This unpublished list was provided by Dr. Dwight Platt, Chairman of 

the Conservation Committee. 

The following list identifies those species which might occur in the test 

site vicinity or general area and gives the recommendations by the Academy for 

their preservation. 

a. Endangered species (None) 

b. Rare species (None) 

c. Species endangered in Kansas but not nationally 

Eastern chipmunk, Tamias stviatus 
- 

Range: Easternmost counties, perhaps extirpated there and uncommon. 

Recommendations: Preserve selected areas of climax timber in eastern 

Kansas and piutect them from grazing, especially areas with rocky ledges and 

hazelbrush. 
i 
i 
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d. Species rare in Kansas but not nationally 

(1) Woodchuck, Marmota mcnax 

Range: Forest edge in eastern Kansas west to Manhattan, but now 

rare; the subspecies bunkeri is known only from west of the Missouri River in 
eastern parts of Nebraska and Arkansas. 

Recommendations: Avoid use of bioades in rural areas where 
woodchucks persist. 

(2) Franklin's ground squirrel, Sj:-er*;cphi h<p .''»■mklinii 

Range: Isolated populations remain ^n relict areas of tall grass 

prairie. 

Recommendations: Encourage development of a Tallqrass Prair'e 

National Park; encourage landowners to leave a swath of native grass around 
plowed fields; encourage the Highway Department to restrict movnng to a minimum 
and permit native prairie cover to develop on roadsides. 

(3) Southern flyinq squirrel,   Jlaueonus  >JC !-anfi 

Range:    Deciduous forest in eastern one-third of state. 

Recommendations: Preserve selected areas of climax timber in 
eastern Kansas and protect them from qrazing. 

(4) Southern leinminq-mouse, Syn^rtprmje   ".;:•■■' 

Range: Statewide in dense stands of qrass, particularly around 
marshes or in riparian Grasslands. 

Recommendations: Preserve existing marshy areas. 

(5) Spotted skunk, .'vil  .; •  :v-y«; 

Range: Statewide, except southwest and extreme west-central area; 
now missing from large areas ot eastern half of Kansas wnere the species was 

abundant in the period 1912 to 1929. 

Recommendations: None at pre^er' Decajse t'e cause and signifi- 
cance of ehe population dec1 ire is r>ot know»\ 
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AFWL-TR-74-202 

(6) Bobcat, Lynx ruf us 

Range: Statewide but spotty. 

Recommendations: Regulate hunting of bobcats and educate hunters 

about hunting regulations and seasons for this species. 

e. Species with peripheral populations in Kansas 

Big Free-tailed bat, Tadarida macrotis 

Range: Distribution is spotty; this bat possibly passes over the state 
during migration. 

Recommendations: None. 

2. RARE AND ENDANGERED AMPHIBIANS AND REPTILES OF KANSAS 

The following list identifies those amphibians and reptiles which might 
occur in the test site or in Linn County. This information was provided by 

Dr. Joseph Collins, Kansas Museum of Natural History. 

a. Endangered species (none) 

b. Rare species (none) 

c. Species endangered in Kansas but not nationally (none) 

d. Species rare in Kansas but not nationally 

(1) Broad-headed Skink, Eumeces latioeps 

Range: Known from Franklin, Miami, Linn, Anderson, Crawford, and 

Cherokee Counties; prefers deciduous forests where it lives high in the hollows 
of rotten tree trunks. 

Recommendations: Halt lumbering operations on areas in eastern 

Kansas where this species is known to occur; protect some natural forest 

habitat with decaying trees. 

(2) N°wt, Notophthalrms  :zr' isscenu 

Range: Throe known 1icalities in deciduous forest along the 

eastern border of Kansas (Linn and Miami Counties). 

Recommendations: Designation of any breeding sites located on 
state, federal, or county property or on private property of willing landowners 

as sanctuaries to be protected from disturbance. 
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(3) Spring peeper, Hyla oruoifer 

Range: Deciduous forest area of eastern border includlna the 

Shoal Creek drainage area (three known localities in Miami, Linn, and Cherokee 

Counties); present status poorly known. 

Recommendations: Same as for newt. 

84 
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SECTION IV 

AVIAN FAUNA 

1. COMMON RESIDENTS OF THE AREA 

The diversity of habitats surrounding the test area accommodate a wide 

variety of avian fauna. During this study, it was assumed that a" species 

observed were common summer residents of the area and most likely nesting within 

suitable habitat. A total of 30 species were actually observed within a one- 

half mile radius of the test site. Listed under their general habitat, the 

dominant species are as follows. 

Meadow and grassland 

Eastern Meadowlark, Sturnella magna 

Dickcissel, Spiza americana 

Horned Lark, Eremophila alpestris 

Open woodland and edge habitats 

Mourning Dove, Zenaiduva macrouva 

Eastern Kingbird, Tyrannus tyrannus 

Bobwhite, Colinus virginianus 

Red-tailed Hawk,  Puteo j.vnaioensis 

Loggerhead Shrike, Lar.ius ludovioianue 

Robin,  Turdus migratorius 

Woodland 

Blue Jay, Cyanncitta criotatn 

Cardinal, Rirhr: r iena aardin'il is 

Indigo Bunting,  iasoprina oyiyfia 

Brown Thrasher, Toxrc*. "a rufic 

Black-capped Chickadee, Varus atri-oap-UUP 

Tufted Titmouse, Pirur, •' ' • • r 

Catbird,  Dunetella ear^ '''>:.-r.;-'a 

Red-headed Woodpecker, ".r'an.rp^e erytli> ^rha'.u.: 
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Red-bellied Woodpecker, Centurus oarolinus 

Downy Woodpecker, Dendroaopos pubesaens 

Brown-headed Cowbird, Molothrus atev 

Marsh and pond 

Red-winged Blackbird, Agelaius phoenic.ue 

Great Blue Heron, Ardea herodias 

Wood Duck, Aix sponsa 

Appendix C contains a list of all species observed within a one-half-mile radius 

of the test site. Also included in the list are species known to be present at 

other times of the year or likely to occur because of their expected range and 

the availability of suitable habitat. The appendix summarizes general habitat 

preference, egg dates, migration dates, and seasonal occurrence of each species. 

Of special significance to bird life in the area is the Marais des Cygnes 

Waterfowl Management Area located approximately 2 miles west and 1.25 miles 

southwest of the test area at its nearest points. About 200 species of bird 

have been recorded on the area. Although favorable habitat exists for a variety 

of bird life, the area was specifically designed and is actively managed to 

furnish a resting and feeding place for migratory waterfowl and to provide more 

public hunting opportunities for Kansas sportsmen. During the migration season 

as many as 150,000 ducks have been recorded with over 70,000 normally remaining 

throughout the winter (reT. 42). The most common migratory waterfowl include the 

Mallard [Aias platyrhynahcs), Pintail {Anas acuta), Blue-winged Teal [Anas 

discors).  Green-winged Teal [Anas (jarcdiner.sis), Baldpate [h'aveca anericana), 

Gadwall [Anas strepeva),  Wood Duck [Aix sp< nsa), American Merganser [Mergus 

mergaser), Canada Geese [bv:znxa aanadens;'.•), and Snow Geese ( "hem oaeru1 r.s.trns). 

Local weather conditions and availability of food will determine the importance 

of the area for wintering waterfowl. During the nesting season tne Wood Duck 

is the dominant species. 

Significant visitors to the Waterfowl Management Area ether than waterfowl 

include the Bald Eagie (•' .-7 ■':.:..;tus 7cucoaer>^'u.'), the Golden Fagle (.?y.-'7. 

chrysaetnp),  ana the American Osprey (.:ar ■'>' > ^ifv  .■).    The'e species ar  well 

as other threatened and endangered species are riscussed none thoroughly in the 

following section. 
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2. RARE AND ENDANGERED BIRDS IN KANSAS 

A list of birds in this category is being compiled by the Soil Conservation 

Service and the Conservation Committee of the Kansas Acadeny of Science. The 

unpublished list was provided by Dr. Dwight Platt, Chairman. 

The following list Includes species that may occur in the test site vicinity 

or general area and includes recommendations by the Academy for their protection. 

Those on the list that are known to occur in the area are discussed in greater 

detail later. 

a. Endangered Species 

(1) Peregrine, Falao peregrinus 

Range: Fall and spring transient and winter resident, typically 

around marshes, lakes, and rivers. 

Recommendations: Educate the public as to its status and identifi- 

cation. Preserve and protect sites where it stir regularly occurs as a transient 

or 1n winter. 

(2) Whooping Crane, Grus americana 

Range: Transient in March and April and in October. Whooping 

crane migration occurs further west in approximately central Kansas and has 

normally been completed by November (refs. 43 and 44). 

Recommendations: Educate public as to status and identification 

and continue practice of closing areas to all hunting when these cranes stop 

over. 

(3) Eskimo Curlew, Nurrenius borealie 

Range: Probable spring migrant (March through Juneh mainly in the 

eastern part of tne state; last record in 1891. 

Recommendations: None. It is so rare as to be beyond help. 

b. Threatened Species 

(1)    Bald Eagle, Raliaeetus leucocephnlur 

Range:    Transient and winter resident, cnieHv around reservoirs 

and marshes.    One species, /'.   I.   leuccoepkal'us, is on the federal endangered 

list, but it is believed that most individuals in Kansas are H.        al •scr>:u?t 
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which 1s not endangered. Owing to construction of many large reservoirs in 

Kansas in recent years, eagle populations have Increased, Since the subspecies 
of a given bird cannot be determined in the field and since the reservoirs tend 

to concentrate individuals making them susceptible to disturbance, it seems wise 
to assign the entire species to status in this category. 

Recommendations: Educate public to realize that eagles can be seen 
1n Kansas and stress their threatened status, continue projection of frequented 

sites, and enforce existing protection laws for raptors. 

(2) Prairie Falcon, Falao mexicanus 

Range: Occasional summer visitant, transient, and winter resident 

in grasslands; formerly more abundant in Kansas. 

Recommendations: Educate public as to status and identification; 

enforce existing protection laws for raptors. 

(3) Burrowing Owl, Speobyto cunicularia 

Range: Summer resident in western part of state; migrant in east. 
Listed as status undetermined on federal list. The species depends mostly upon 

prairie dog towns for n*_'t sites, although holes of other burrowing rodents are 
used. Some dog towns have owls, while others do not. Until its specific habitat 
requirements are known, it 1s best to place the species in this category. 

Recommendations: Preserve prairie dog towns that have owls; further 

study of its habitat requirements. 

c. Species Endangered in Kansas but not Nationally. (None) 

d. Species Threatened in Kansas but not Nationally. 

(1) Red-shouldered Hawk, Buteo lineatus 

Range: Summer resident, transient, and occasional winter resident 
in riparian woodlands in eastern part of state; has bred in Woodson and Linn 

Counties, but has been decreasing in Kansas in recent years. 

Recommendations: Protect existing tracts of mature forest along 

water courses in eastern third of state; enforce existing protection laws for 

raptors. 
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(2) Osprey, Pandion haliaetus 

Range: Transient and temporary resident around reservoirs and 

smaller lakes, rivers, and marshes; occurs most frequently in April and May and 

in September and October; once regular, but now much less frequently observed. 

Recommendations. Continue establishment of refuge areas on 

reservoirs and enforce protection laws for raptors. 

(3) Merlin, Fdloo aolimbarius 

Range: Transient and winter visitant across state in open wood- 

lands; considered relatively common in late nineteenth and early twentieth 

centuries; now considered rare. 

Recommendations: Enforce existing protection laws for raptors. 

(4) Whippoorwill, Caprimulugus vociferus 

Range: Summer resident in upland forest in eastern part of state 

as far west as Riley County- once considered locally common, but in most of 

former range appears to be much less frequent. 

Recommendations: Causes for decline not known; therefore, studies 

to determine causes of decline would be appropriate; protect upland deciduous 

forest to enhance survival in state 

e. Species with Peripheral Populations in Kansas 

(1) Common Gallinule, GalHnula ehlorcf us 

Range: Local and infrequent summer resident in marshes; breeding 

records from Douglas, Coffey, and Barton Counties. 

Recommendations: Protect existing marsh habitat and develop 

additional marsh habitat. 

(2) Tree Swallow, Ividopvoane bicolor 

Range: Common transient but only breeding record from Doniphan 

County; some observers in central Kansas believe migrant population declining. 
i 

Recommendations: Protect known nesting sites. 
I 

(3) Worm-eating Warbler, HelmintheroB vemicovus 

Range: Rare summer resident in deciduous forests along eastern 

edge of state. 

89 

«■»■■«Mrnn'wi.      i „MMMaMMHB^M 



AFWL-TR-74-202 

Recommendations: Protection of forest habitat is critical in the 
eastern part of state due to increased prtssures from urbanization and industrial 

development. This species as well as several of the following species are 

dependent upon the availability of proper habitat to maintain their low, but 

stable population.» in state. 

(4) Blue-winged Warbler, Vermivora pinus 

Range: Uncommon-to-rare summer resident in forest edge communities 
along eastern edge of state. 

Recommendations: Preserve appropriate habitat. 

(5) Cerulean Warbler, Dendroioa cerulea 

Range: Rare summer resident in mature deciduous forests along 

eastern edge of state. 

Recommendations: Preserve suitable habitat. 

(6) Yellow-throated Warbler, Dendroiaa dominica 

Range: Rare breeding species in flood plain forest in eastern third 

of state. 

Recommendations: Preserve suitable habitat. 

(7) Prairie Warbler, Dendroiaa discolor 

Range: Local summer resident in edge habitats in Wyandotte, 

Johnson, and Cherokee Counties. 

Recommendations: Particularly in highly urban counties (Wyandotte 
and Johnson), preserve sufficient habitat to maintain this species. 

(8) Hooded Warbler, Wilsonia   ntrina 

Range: Rare summer resident in wet deciduous forests along eastern 

edge of state. 

Recommendations: Preserve suitable habitat. 

(9) Henslow's Sparrow, .\rr;o.-::'ornur h ».sic. 

Range: Local summer resident >n wet pasture ; recorded breeding in 

Shawnee, Douglas, Morris, and Anderson Counties 

Recommendations: Preserve sites whe•«.- species has been known to 

breed. 
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SECTION V 

AQUATIC ECOLOGY 

The principal aquatic ecosystem in the area of the test site is the Marais 

des Cygnes River. This river gathers tributaries from eastern Kansas and flows 

approximately 10 miles into Missouri before joining the Osage River. 

Recordings of river flood stages for the last 3 years and the first 5 months 

of 1974 are shown 1n table B-3. A flood stage is considered to be 24 feet. The 

data indicate that at least one flood stage can be anticipated in a normal year 

of precipitation. The flood stages inundate large flood plain areas which are 

diked to prevent flooding of croplands. During the flood stages, many small, 

Intermittent streams in the area also carry significant amounts of water and 

silt, in many cases flooding, before reaching the mein riverbed. 

The proposed test area is bounded on the south (1600 feet from test site) by 

the Marais des Cygnes River, with a ravine paralleling the river at approximately 

1500 feet that flows intermittently during high precipitation periods. The 

ravine heads at a levee which, with two other levees, contains a pond of approxi- 

mately 40 acres with a depth of from 3 to 6 feet. The mouth empties into the 

river. 

A ravine 4 to 10 feet deep and 10 to 15 feet wide runs along the eastern 

fence row of the test site area. This ravine had no intermittent pools or areas 

of standing water during this study and the bottom consisted of coarse sand and 

gravel. 

An intermittent stream runs through the flood plain and pasture area to the 

west. Several shallow pools were found in this streambed. Numerous aquatic 

insects as well as small sunfish (1 to 2 inches) were observed. No collections 

were made. 

Historical records (ref. 45) do not indicate the presence of permanent 

impoundments which contain fish life in this area. However, because of the 

overflow floodwaters from the Marais des Cygnes River to the ^0-acre pond, it 
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Month 

Table B-3 

RIVER HEIGHTS--MARAIS DES CYGNES 

(Flood Stage = 24 feet) 

1971 

Highest Level (feet) 

January 24.57 

February 19.50 

March 19.15 

April 2.80 

May 4.85 

June 9.20 

July 10.65 

August 4.95 

September 2.73 

October 5.05 

November 2.60 

December 23.80 

Month 

1972 

Highest Level (feet) 

January 11.44 

February 3.55 

March 3.00 

Apri 1 4.20 

May 23.10 

June 3.35 

July 4.00 

August 3.45 

September 2.95 

October 2.45 

November 6.27 

December 5.27 

Month 

1973 

Highest Level (feet) Month 

1974 

Highest Level (feet) 

January 17.25 

February 23.50 

March 28.42 

April 27.62 

May 25.27 

June 18.10 

July 17.45 

August 3.90 

September 23.25 

October 30.80 

November 20.55 

December 21.43 

i 

January 21.13 

February 11.85 

March 24.85 

April 15.80 

May 20.80 

9? 
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can be assumed that those fish species present in the river which can survive in 

a lentic ecosystem will be present in the pond. This would include species of 

:unf1sh, bass, carp, catfish, and crappie as well as various smaller minnows of 

the Cyprinid family and members of the perch family (Percidae). 

Table B-4 (refs. 45 to 48) lists the species of fish considered to be in a 

threatened status in Kansas. Additionally, the Bnndled madtom, Noturus miurus- 

Jordan, 1s being considered for placement in a threatened status (Dr. Joseph 

Collins). This fish occurs only in extreme southeastern Kansas. The rnosquito- 

flsh, Gambuaia affinis, was also observed in the area of the 40-acre pond in a 

small stagnant backwater. The mosquitofish is essentially ubituitous in the 

United States but not confirmed by Cross for this area. Table B-5 lists the 

species of fish in Kansas which are considered to be peripheral populations 

(ref. 48) 

Cross (ref. 45) has identified fishes throughout Kansas and provides a geo- 

graphical breakdown of the occurrences of each species. The fish which are 

known to occur in Linn County are listed 1n appendix D (refs. 45, 46). The third 

column of the appendix indicates the number of locations within the state where 

that particular species has been identified. The numbers indicate occurrences 

1n greater than 10 or greater than 20 locations or, in the case of "no," that 

the species occurs or has occurred in less than 10 other locations. The fourth 

column provides a brief statement concerning habitat and spawning requirements 

of each species. 

The Marals des Cygnes River provides the type of habitat required for many of 

the species listed 1n appendix D. The river has a broad meandering course and 

flood plain and carries a large silt load over a medium to shallow gradient. 

These factors make it typical of geologically older rivers. 

The Marais des Cygnes River is part of the Missouri River Basin drainage and 

1s Included 1n the grouping of rivers which comprise the tributaries of the 

Kansas and Osage Rivers. South of the Osage and Kansas Rivers, the drainage is 

Into the Arkansas River Systems. Cross (ref. 45) notes that little likelihood 

exists of interchange of fish species in modern times but that tne basins were 

not alwa>s isolated. 
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The fishes listed below are those whose habitat preferences, spawning 

requirements and tolerance of current, slltatlon and oxygen changes make their 

occurrences In the area of the proposed tests unlikely. 

Goldeye 

Golden shiner 

Rosey-faced shiner 

Yellow bullhead 

Black-striped topminnow 

Slender-headed darter 

Creek chub 

Horneyhead 

Red shiner 

Sand shiner 

Hogsucker 

Slender madtom 
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SECTION VI 

ENVIRONMENTAL IMPACT 

1. PROBABLE ENVIRONMENTAL IMPACT OF PROPOSED ACTION 

a. Effect on Water and Aquatic Organisms 

The major aquatic ecosystem in the area of the proposed test site is 

the Marais des Cygnes River. 

Ground shock effects of the tests are not expected to affect the river- 

bed, based on prediction of acceleration forces (g) at the distance from the 

tests (1600 feet). Using the "worse possible" effects criteria (Event 3) the 

bottom of the river is expected to sustain only minor disturbances. The extent 

of these disturbances is not expected to cause any long-term, detrimental effects 

on the river bottom, the siltation load, or the river brr.xs. 

Additional aquatic ecosystems in the area include a 40-acre pond 

located approximately 1500 feet from the test area and a small (60 x 30 feet) 

pond located 465 feet from the center of Event 3. 

The 40-acre pond is contained by three levees. The northwestern levee 

is approximately 80 feet long with a 40-foot base and a 20-foot top. A small 

culvert (approximately 16-inch diameter) runs through the levee. A smaller 

levee, approximately 25 feet long with a 26-foot base and 17-foot top borders 

the western edge of the pond and separates the pond from a ravine which drains 

westward and then southward to the Marais des Cygnes River. At the southeastern 

edge of the pond is a large levee, 190 feet long, 50 feet at the base, and 17 

feet at the top. From observations of the area, it is evident that there were 

originally two separate ponds. The high water which existed during this study 

has covered the island/peninsula between the two ponds. 

Ground shock effects on the pond and the levees surrounding it are 

predicted to be minimal. Ground motion reaching the area will be less than 

one (1) g. 

The possibility of a seiche (periodic oscillation) being generated in 

the 40-acre pond was considered. However, the ground shock levels at that 

distance are not expected to provide sufficient energy to generate a seiche. 
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The small stock pond located southwest of the test site 1s retained on 

its south side by a large levee (figure 6-1) which runs along the southern 

boundary of the immediate test area and separates it from the flood plain of the 

Marais des Cygnes River. The pond is contained on the remaining three sides by 

the natural slope of the lend. Depth of the pond varies with previpitation and 

averages about 3 to 4.5 feet. 

Due to its proximity to Event 3, the stock pond will receive ejecta from 

the test. Consideration was given to the effect of this occurrence and planning 

for restoration of the area includes reestabHshment and renovation of the pond 

if 1t 1s necessary. 

A checklist of the fish species known to occur in the Linn County area 

is appended to this report. As discussed in the main body of this document 

(section V) no detrimental effects are anticipated to occur in any of the aquatic 

ecosystems with the exception of the small stock pond. Effects on fish and other 

aquatic organisms are therefore predicted to be minimal and transitory. Some 

siltation is anticipated from the shock waves in both the 40-acre pond the the 

river. However, these effects will not significantly increase siltation *n 

either ecosystem and will be extremely transitory in nature. 

b. Vertebrate Fauna and Other Organisms 

Construction and operational activities are not expected to have a last- 

ing or adverse impact on wildlife and small mammal populations in the area. 

Some habitats will be cLstroyed or disrupted for small mammals that prefer open 

grassland, fields, and fairly dry open prairies. These kind of habitats are 

not limited or restricted to the immediate area. The majority of small mammals 

in this locality occupy undisturbed habitats near water edges, native grassland, 

and where grasslands meet woodlands. Essentially, none of these kinds of 

habitats will be disrupted. 

Deer, raccoon«, squirrels, and foxes are found in nearby woodland areas. 

Activity on the site may cause some displacement of these animals. No adverse 

impact is expected on the populations of these species, due to the availability 

of other suitable habitat. 

The blast and ground motion results of Event 2 and 3 are not expected to 

have an adverse impact on the population of small mammals. Colonization of the 

test site by these individuals should be minimal due to previous use as active 

farmland. 
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The effects on large animals of ground motion from underground nuclear 

tests (ref. 33) indicate no physical damage to beef cattle, dairy cattle, feral 

horses, and deer at accelerations of 4 g and velocities of 230 cm/sec. Ground 

motion at the nearest point of the river for Event 3 has been calculated to be 

less than 1 g. Deer habitat and that for other large animals will be out of 

the impact range. 

No adverse impact will occur on small or large mammals in the area due 

to overpressure. The overpressure at 72 feet from the Event 3 test bed is about 

2 psi which is the tumbling threshold (condition that might produce injury for 

smal. mammals) (ref. 18). Small and large mammals will likely be outside of 

this ranvje due to pretest activity. 

A herd of beef cattle often water in the small stream that flows through 

the pasture flood plain (figure B-l). These cows should be removed from this 

area before detonation of Events 2 and 3. The loud noise associated with the 

blast may cause the cows to stampede. 

There will be minimal impact on the reptile and amphibian fauna. Vir- 

tually all species in this group require an aquatic edge habitat. None of these 

types of habitats will be disrupted with the exception of the small stock pond. 

Since this pond has been used as an active stock pond, it is unlikely that it 

is colonized by any unique species. These species would require virtually an 

undisturbed aquatic edge that would have extensive plant growth arount its 

borders. 

Newcombe (ref. 30) has reported on the effects of underground shock on 

terrestrial organisms and indicated that some damage occurs to soil inverte- 

brates with very slight soil movement. The effect is chiefly abrasive, a result 

of the soil particles moving over the organism's body surface. However, due to 

the nature ot the life cycles of these organisms, the effects are expected to be 

transitory. 

c. Avian Fauna 

The anticipated impact on the avian fauna is related to three factors: 

the actual habitat destruction associated with the test, the timing of the tests 

as related to the changing bird life and the phenomenon involved with the 

scheduled explosions. 
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Construction activities In the inmedlate test area will result in the 

physical disruption of the habitat. The habitat destruction will be minimal and 

confined to previously active farmland (seeded hay meadow, winter wheat, and 

grain sorghum). The dominant species of this habitat, the Eastern Meadowlark 

and Dickcissel, will be temporarily displaced to other nearby suitable habitat. 

Both species were noted ar being very abundant throughout the general area. The 

only other species observed in this habitat was the Horned Lark. Test site 

construction activities will be similar to common farming practices normally 

experienced in the area. When the habitat is restored after the test series it 

should compare favorably with its pretest condition. The increased activity 

associated with the construction will be confined to the area immediately 

around the test site and should therefore have a minimal impact on the surround- 

ing bird life. Although on a larger scale the activity will be similar to 

normal farming or lumbering operations now present in the area. 

The proposed tests are to occur in September 1974, November 1974, and 

July 1975. This will encompass portions of the inigratory, wintering, and 

nesting seasons. 

The effects on migratory species will be minimal. Activities and 

preparations around the test site should discourage most species from using the 

immediate area. The threshold of lethality for birds in flight is 10 to 30 psi 

(ref. 16). In tne proposed tests this pressure will occur only very close to 

the site of detonation (the calculated pressure in the largest test is only 3 

psi at 51 feet). Possible injury resulting from sjecta is also minimal. The 

calculated ejecta from the la'gest test is predicted tc range from 500 to 1450 

feet and the particle size is expected to decrease with increasing range from 

the crater. 

The noise associated with the blast will be the most notable effect 

experienced by the surrounding birds. This may be anticipated to have a star- 

tling or unpleasant effect to the nearby bird population. A 162 dB level is 

calculated at 380 feet from the largest test. Such a sound level, although not 

physically harmful, will induce tinnitus or ringing in the ears. A noise com- 

parable u) a "thunder sound" of 130 dB will be experienced at 9200 feet from the 

largest event. This sudden noise will undoubtedly startle all fauna within range 

but the effects may be considered minimal and transitory, particularly for 

migratory or wintering species. 
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The July test will occur during a part of the normal nesting season. 

Cgg dates for birds actually observed or possibly breeding in the area are 

listed in appendix C. Although the egg dates for several species extend into 

July and in some cases occur as late as September, the majority of nesting occurs 

during May and June  Most nesting and rearing of young therefore will have been 

completed before the July test so adverse impact at this time will be generally 

avoided. 

Additionally, in a study conducted by Teer and Truett (ref. 49) on the 

effects of sonic booms on birds it was determined that sonic disturbance had no 

effect on bird reproduction in both field and laboratory tests. 

The environmental impact of the explosion phenomenon is detailed 1n the 

assessment and summarized in table 8. As indicated in the table, the serious 

effects of the blasts will be confined to the immediate area. 

The impact on the Marais dt> Cygnes Waterfowl Management Area will be 

limited to the noise associated with the blast. The nearest portion of the 

Waterfowl Management Area is approximately 1.25 miles to the southwest (Unit 

"C"). This area is primarily low timber and upland cover and is generally poor 

waterfowl habitat with the possible exception of the included segment of the 

Marais des Cygnes River. The nearest water area within the Waterfowl Management 

Area is Unit "A" about 2 miles directly west of the test site. At these dis- 

tances the noise associated with the blast may startle the waterfowl in the area 

but will not cause any lasting physical effects. 

The greatest waterfowl usage on the Management Area 1s during the 

migratory and wintering seasons that extend from November through March. 

Although some migration occurs as early as August large numbers do not normally 

occur until November. Some waterfowl do breed in the area, primarily Wood Ducks 

that are confined to the wooded areas adjacent to water. With the possible 

exception of the November test, waterfowl usage during the test series will be 

minimal. 

d. Flora 

Very little native vegetatior, if any, will be destroyed as a result of 

construction or tests. Most of the land that will be denuded of vegetation con- 

sists of a previously cultivated gr«in field and a seeded hay meadow containing 
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an array of forbs that are characteristic of disturbed lands. Since the topsoil 

will be removed from test beds and replaced after the tests, the land can be 

restored to its original use. 

The trees in the area will not be adversely impacted. The closest trees 

to Event 3 are approximately 400 feet away. Tree breakage (10 percent of trees 

down) is estimated to occur at 3.5 psi, 39 feet from Event 3. Based on these 

calculations no adverse impact is expected to occur in forested areas in the 

vicinity of the test site. 

e. Rare and Endangered Species 

(1) Mammals 

There will be no impact on rare and endangered mammals. Habitats 

that may support these animal in the vicinity of the test site will not be 

disturbed by activities associated with the tests. For a review of these 

habitats and recommendations for the species preservation see section III. 

(2) Reptiles and Amphibians 

There will be no impact on rare and endangered reptiles and amphib- 

ians. Although several are associated with Marais des Cygnes River System (see 

section V for habitat preference) they are restricted to oxbow habitats and 

other quiet aquatic ecosystems. These tests and construction operations will 

not disturb such aquatic habitats. The stock pond habitat that will be disturbed 

is unlikely to have any of these species since it has been used as an active 

cattle watering area until recently. 

The Broad-headed Skink requires large dead standing trees and will 

not be affected by these tests. The only stand of dead trees that occurs in the 

area is located in the large pond southeast of the test site. 

(3) Fish 

Threatened fish species in Kansas are discussed in section V of this 

document. The species and status of each are presented in tabular form in table 

4. Information concerning habitat requirements and known occurrences of threat- 

ened species indicate that no fish species in a threatened status has been 

documented in the proposed test area. 
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(4) Birds 

There is no anticipated impact on rare or endangered birds that may 

occur in the area. As indicated earlier, potentially hazardous effects associated 

with the tests will be confined to the immediate test site. The Bald Eagle, 

Osprey, and Red-shouldered Hawk are all known to occur in the general area but 

their habitat preferences should keep them at a safe distance from the blast. Of 

these three species only the Red-shouldered Hawk breeds in the area. It prefers 

moist deep woods, swamps and river timber. Egg laying and hatching generally 

occurs early in the season wi*h most activity completed before June (ref, 50). 

All other species of concern do not prefer any of the habitats close 

to the test site, consequently, little danger is anticipated. 

2. PROBABLE ADVERSE ENVIRONMENTAL EFFECTS WHICH CANNOT BE AVOIDED SHOULD THE 
PROPOSED ACTION BE IMPLEMENTED 

The most significant adverse effect of the tests will be the generation of 

ground and air shock waves accompanying the noise of the explosion. The adverse 

effect will be comprised of (1) minor disturbance of fauna in the area; (2) 

shifting of soil strata; (3) deposition of ejecta in the small stock pond, and 

(4) minor disturbances of the river and pond bottoms. 

The effects listed above are predicted to be minimal and transitory. 

Additionally, some birds and small mammals in the immediate test area may be 

displaced to nearby suitable habitats. 

3. RELATIONSHIP BETWEEN LOCAL SHORT-TERM USE OF MAN'S ENVIRONMENT AND THE 
MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 

This short-term use of a small portion of the environment will not adversely 

affect the long-term productivity of man's environment. Restoration of the 

disturbed area and reseeding of the cultivated crops in the fields will essen- 

tially return the area to its pretest condition ecologically. 

4. ANY IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES WHICH WOULD BE 
INVOLVED IN THE PROPOSED ACTION SHOULD IT BE IMPLEMENTED 

Some loss of natural resources will occur in the forrr! of reduced animal 

activity and disruption of the ecosystem in the area as a result of the tests. 

These effects are predicted to be transitory and minimal. 
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APPENDIX A 

CHECKLIST OF MAMMALS 
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APPENDIX C 

CHECKLIST OF BIRDS 

The following 11st summarizes the resident and migratory avlan fauna most 

likely to occur 1n the vicinity of the test area. The species that were 

actually observed during the period of this assessment are Indicated by an 

asterisk. All others were chosen based on previous reports, Inclusion within 

a general range or presence of suitable habitat. 

Egg dates when listed Indicate probable nesting of the species within the 

state. The dates give the range cf times that eggs have been found for a 

particular species. The date In parentheses Indicates the date on which most 

egg laying has occurred. 

Migration dates Indicate the range of times for spring arrival or autumn 

departure. The date in parentheses indicates the median date prior to and 

after which an equal number of first yearly records were secured. 
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